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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 

This invention relates to the ceramic fluorescent substance blend for generally specifically changing into 
the white light the ultraviolet rays emitted from light emitting diode ("LED 11 ) about a white light lighting 
system. 
[0002] 

The white luminescence LED is used for the back light list of a liquid crystal display as a substitute of a 
small common lamp and a fluorescent lamp. S. The white luminescence LED is manufactured by 
forming a ceramic fluorescent substance layer in the output screen of the blue luminescence semi- 
conductor LED as indicated by "The Blue Laser Diode" 10.4 chapter besides Nakamura, and 216-221 
pages (Springer, 1997) (the written content makes some of these descriptions by use). Conventionally, 
blue LED is the InGaN single quantum well mold LED, and a fluorescent substance is the cerium 
addition yttrium aluminum garnet ("YAGrCe") of formula Y3aluminum5012:Ce3+. The blue glow 
emitted from LED excites a fluorescent substance, and makes yellow light emit. The blue glow emitted 
from LED penetrates a fluorescent substance, and is mixed with the yellow light emitted from the 
fluorescent substance. An observer senses the color mixture light of blue glow and yellow light as the \) 
white light. O 
[0003] jD 
However, the white light lighting system of a blue LED-YAG:Ce fluorescent substance has the 
following demerits. Conventional blue LED-YAG:Ce fluorescent substance equipment produces the 
white light which has the high color temperature of 6000-8000K which are equal to sunlight within the 
limits, and the typical color rendering characteristic (CRI) of about 70-75. If it puts in another way, the 
chromaticity or color coordinate of this equipment is adjoined and located in the blackbody locus 
between the color temperatures of 6000K and 8000K ("BBL") with the CIE chromaticity diagram shown 
in drawing 1 . The color temperature of this equipment can be reduced by increasing the thickness of a 
fluorescent substance. However, if the thickness of a fluorescent substance increases, the effectiveness 
of equipment will fall. 
[0004] 

Although a color temperature is comparatively high and the comparatively low blue LED- YAGrCe 
fluorescent substance lighting system of CRI is received in the customer of an Far Eastern lighting 
commercial scene, generally the customer of the North America commercial scene likes a lighting 
system with a low color temperature, and, generally the customer of the Europe commercial scene likes 
the high lighting system of CRI. For example, the customer of North America likes the equipment which 
generally has the color temperature of 3000-4100K within the limits, and the customer of Europe likes 
the equipment with which CRI generally exceeds 90. 
[0005] 

The chromaticity coordinate and CIE chromaticity diagram which are shown in drawing 1 are explained 
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to some textbooks, such as "Luminescent Materials" (Springer- Verlag, 1994) 109-1 10 page besides 
KH.Butler, "Fluorescent Lamp Phosphors" (Pennsylvania State University publication office, 1980) 98- 
107 page, and G.Blasse, at the detail, and the written content makes some of these descriptions by use. 
The chromaticity coordinate (namely, color dot) located along with BBL is equation E(lambda) 
=Alambda-5/(e (B/T)-l) of a plank. It follows. For E, luminescence reinforcement and lambda are [ the 
color temperature of blackbody, and A and B of luminescence wavelength and T ] constants among a 
formula. The color coordinate located in a BBL top or its near produces the pleasant white light in an 
observer. CRI is relative measures which show the similarity of the color rendering properties of a 
lighting system, and the color rendering properties of a blackbody radiator. If the color coordinate of the 
trial color of the lot illuminated with the lighting system is the same as the coordinate of the same trial 
color irradiated by the blackbody radiator, CRI is equal to 100. 
[0006] 

Another demerit of blue LED-YAG:Ce fluorescent substance equipment is changing with the power 
with which the color output (for example, spectrum output distribution and peak emission wavelength) 
of LED is impressed to the band gap width of face and LED of an LED barrier layer, the time of 
manufacture — the width of face of a request of actual band gap width of face — ****** — LED which 
has a barrier layer is manufactured by the fixed ratio. Therefore, the color output of this LED shifts from 
a desired parameter. Furthermore, even if the band gap of specific LED has desired width of face, the 
power impressed to LED at the time of actuation of LED has shifted plentifully from the desired value. 
This also becomes the cause by which the color output of LED shifts from a desired parameter. Since 
the light emitted from equipment contains the blue component from LED, if the color output of LED 
shifts from a desired parameter, the optical output from equipment will also shift from a desired 
parameter. When the gap from a desired parameter becomes large, the color output of equipment is 
visible to non- white (namely, white which blueness or yellow cut). 
[0007] 

furthermore, the color output of blue LED-YAG:Ce fluorescent substance equipment changes with the 
gaps (namely, systematic fluctuation at the time of manufacture) from the desired parameter which is 
alike occasionally, carries out at the time of LED lamp manufacture, and happens unescapable and daily 
a lot. It is because the color output of equipment is dramatically sensitive to the thickness of a 
fluorescent substance. If a fluorescent substance is too thin, the amount in which the light emitted from 
LED passes a fluorescent substance will exceed a desired amount. Then, since the output of blue LED 
becomes dominance, blueness cuts the optical output of LED-fluorescent substance compound 
equipment, and it is in sight. On the other hand, if a fluorescent substance is too thick, the blue LED 
light which passes a thick YAG:Ce fluorescent substance layer will become less than a desired amount. 
Then, since the yellow output of a YAG:Ce fluorescent substance becomes dominance, yellow cuts 
LED-fluorescent substance compound equipment and it appears. 
[0008] 

Therefore, the thickness of a fluorescent substance is an important variable which affects the color 
output of conventional equipment. Though regrettable, it is difficult to control thickness with an exact 
fluorescent substance on the occasion of the large scale production of blue LED-YAG:Ce fluorescent 
substance equipment. There is a case where outputting [ of equipment ] becomes unsuitable for a white 
light lighting application, plentifully as a result of the fluctuation of thickness of a fluorescent substance. 
That is, since the color output of equipment is visible to non-white (namely, color which blueness or 
yellow cut), it will fall, so that the manufacture yield of blue LED-YAG:Ce fluorescent substance 
equipment cannot approve. 
[0009] 

Moreover, blue LED-YAG:Ce fluorescent substance equipment also shows the halo effect which results 
from separation with blue glow and yellow light. LED has directivity and emits blue glow. However, a 
fluorescent substance emits yellow light isotropic (in namely, all directions). Therefore, when the optical 
output from equipment is seen vertically (that is, luminescence from LED is faced squarely like), light is 
visible to the white which blueness cut. On the other hand, when an optical output is seen from a fixed 
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include angle, yellow cuts light for yellow fluorescent substance luminescence to become dominance, 
and it is visible to it. If the optical output from this equipment is projected on a flat front face, the 
nimbus which yellow cut around the field which blueness cut will appear. This invention aims an above- 
mentioned problem at a dissolution or decreasing at least. 
[0010] 

[Summary of the Invention] 

if this invention is caused like 1 voice — light emitting diode and about 575- different about 495- from 
the 1 st luminescent material which has the peak emission wavelength of about 620nm, and the 1 st 
luminescent material — different about 420- from the 2nd luminescent material which has the peak 
emission wavelength of about 550nm, and the 1st and 2nd luminescent material ~ the white light 
lighting system containing the 3rd luminescent material which has the peak emission wavelength of 
about 480nm is offered. 
[0011] 

The white luminescence fluorescent substance blend which has the color temperature within the limits 
whose white lights which answer the incident radiation which has peak wavelength within the limits of 
360-420nm, and are emitted from a fluorescent substance blend it is the white luminescence fluorescent 
substance blend which contains three or more kinds of fluorescent substances according to another mode 
of this invention, and are 3000-6500K, CRI exceeding 70, and the visibility exceeding 200 Im/W is 
offered. 
[0012] 

According to another mode of this invention 
Radiation source, 

1st APO:Eu2+ and a Mn2+ fluorescent substance (A contains one or more sorts of Sr, calcium, Ba, and 
Mg among a formula), 

a) ASiO:Eu2+ fluorescent substance (A contains one or more sorts of Ba, calcium, Sr, and Mg among a 
formula), 

b) an ADSiO:Eu2+ fluorescent substance (in A, D contains one or more sorts of Mg and Zn among a 
formula including one or more sorts of Ba, calcium, and Sr) — and 

c) AA10:Eu2+ fluorescent substance (A contains one or more sorts of Ba, Sr, and calcium among a 
formula) 

The 2nd fluorescent substance chosen from one or more sorts of **, 

d) AMgA10:Eu2+ fluorescent substance (A contains one or more sorts of Ba, calcium, and Sr among a 
formula), 

e) a DPOCl:Eu2+ fluorescent substance (D contains one or more sorts of Sr, Ba, calcium, and Mg 
among a formula) — and 

f) EO*A10:Eu2+ fluorescent substance (E contains one or more sorts of Ba, Sr, and calcium among a 
formula) 

g) an EA10:Eu2+ fluorescent substance (E contains one or more sorts of Ba, Sr, and calcium among a 
formula) — and 

h) GA10:Eu2+ fluorescent substance (G contains one or more sorts of K, Li, Na, and Rb among a 
formula) 

The 3rd fluorescent substance chosen from one or more sorts of ** 

A ****** white light lighting system is offered. 

[0013] 

The 1st fluorescent substance powder which has the peak emission wavelength of about 575 - 620nm of 
abbreviation according to another mode of this invention, The 2nd fluorescent substance powder which 
has the peak emission wavelength of about 495 - 550nm of abbreviation, The manufacture approach of a 
white light lighting system including the process which blends the 3rd fluorescent substance powder 
which has the peak emission wavelength of about 420 - 480nm of abbreviation, and prepares fluorescent 
substance powder mixture, and the process which adjoins light emitting diode and arranges this 
fluorescent substance powder mixture in a white light lighting system is offered. 
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[0014] 

[Embodiment of the Invention] 

If the trouble in the advanced technology is taken into consideration, it is desirable to obtain the white 
light lighting system which produces a color output with little effect by the fluctuation (for example, 
fluctuation of the power of LED, the band gap width of face of an LED barrier layer, and the thickness 
of luminescent material) in the time of actuation of equipment and a manufacture process. If this 
invention person etc. did not include the significant visible radiation to which the color output of 
radiation source-luminescent-material equipment is emitted from the radiation source (for example, 
LED), the color output of this equipment acquired the knowledge that the effect by this fluctuation fell. 
In this case, the color output of equipment does not change with the power, band gap width of face, and 
luminescent material of LED intentionally. The vocabulary "luminescent material" includes the 
fluorescent substance of the gestalt of rose powder or restoration powder preferably. 
[0015] 

If the white light emitted from equipment does not contain the significant visible component emitted 
from the radiation source (for example, LED), the color output of equipment does not change with the 
thickness of luminescent material intentionally. Therefore, the amount of the LED radiation which 
passes luminescent material (for example, fluorescent substance) does not affect the color output of 
equipment. This can be attained by at least two kinds of approaches. 
[0016] 

One of the approaches which avoids the effect to the color output of equipment is using the radiation 
source which emits radiation of the wavelength which is not visible to human being's eyes. For example, 
what is necessary is just to constitute LED so that the ultraviolet rays (UV) which have the wavelength 
of 380nm or less which is not visible may be emitted to human being's eyes. Furthermore, human 
being's eyes are not so sensitive to purple light with an ultraviolet rays of with a wavelength of 380- 
400nm and a wavelength of 400-420nm. When the wavelength of the radiation emitted from LED is 
420nm or less, it does not ask whether the radiation emitted from LED passes a fluorescent substance, 
but the color output of LED-fluorescent substance equipment stops substantial therefore, influencing. 
This is because radiation with a wavelength of about 420nm or less does not look almost to human 
being's eyes. 
[0017] 

The 2nd approach for avoiding the effect to the color output of equipment is using a thick luminescent 
material which does not pass the radiation from the radiation source. For example, when LED emits the 
light which is 420-650nm, in order to make it the thickness of a fluorescent substance not affect the 
color output of equipment, the fluorescent substance should be made sufficient thickness so that the 
great portion of light emitted from LED may not pass a fluorescent substance. However, although it is 
possible, since this method of avoiding the effect of the color output on equipment reduces the power 
efficiency of equipment, it is not desirable. 
[0018] 

the above — it depends for the color of the light to which it is emitted from equipment in any case on the 
class of luminescent material used chiefly. Then, in order to make it LED-fluorescent substance 
equipment emit the white light, the fluorescent substance should emit the white light at the time of the 
exposure by LED radiation. 
[0019] 

Furthermore, it can be made to change by using two or more kinds of fluorescent substances, so that the 
color parameter of a request of the color property of the white light may be suited. For example, the 
visibility of the color temperature of the white light and CRI, or equipment can be optimized by 
choosing a specific fluorescent substance by the specific ratio. For example, a fluorescent substance 
ratio may be chosen so that the white light lighting system which has the visibility exceeding CRI and 
300 lm/W which exceed the desirable color temperature of 3000-6500K and 70 in the North America 
commercial scene may be obtained. Especially as an object for flashlights, the color temperature of 
4000-65 00K is desirable. Other fluorescent substance ratios may be chosen so that the white light 
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lighting system which has the visibility exceeding CRI and 200 lm/W which exceed the desirable color 
temperature of 3000-4 100K and 90 as an exception method in the Europe commercial scene may be 
obtained. 
[0020] 

When this invention person etc. used together the 1 st orange luminescence fluorescent substance which 
has peak emission wavelength within the limits of about 575-620nm, the 2nd bluish green color 
luminescence fluorescent substance which has peak emission wavelength within the limits of about 495 
- 550nm of abbreviation, and the 3rd blue luminescence fluorescent substance which has about 420 - 
about 480 peak emission wavelength, the observer found out sensing these compound luminescence as 
the white light. Furthermore, in order to raise CRI of a lighting system, the 4th red luminescence 
fluorescent substance which has about 620 - about 670 peak emission wavelength may be added as an 
arbitration component. 
[0021] 

Drawing 2 shows the above-mentioned principle typically. In drawing 2 , the radiation 2 emitted from 
the radiation source 1 like LED carries out incidence to three kinds of luminescent-material layers 3 (for 
example, the 1st, 2nd, and 3rd above fluorescent substances). Radiation 2 may have the wavelength (for 
example, wavelength of 420nm or less) which human being's eyes do not sense. By the exception 
method, a fluorescent substance 3 may have the thickness of extent which does not make an opposite 
hand pass the significant radiation 2. After absorbing the radiation 2 which carried out incidence, the 1st 
fluorescent substance emits the orange light 4 which has peak emission wavelength within the limits of 
575-620nm, the 2nd fluorescent substance emits the bluish green colored light 5 which has peak 
emission wavelength within the limits of 495-550nm, and the 3rd fluorescent substance emits the blue 
glow 6 which has peak emission wavelength within the limits of 420-480nm. When the 4th fluorescent 
substance exists, the red light 7 which has peak emission wavelength is emitted within the limits of 620- 
670nm. An observer 8 senses the combination of the orange light 4, the bluish green colored light 5, 
blue glow 6, and the red light 7 of an arbitration element as the white light 9. In order that drawing 2 
may illustrate the concept of color mixture, the light 4, 5, 6, and 7 of a different color shows typically 
that it generates from a separate fluorescent substance field. However, if each fluorescent substance is 
mixed and the single mixed fluorescent substance layer 3 is formed, light 4, 5, 6, and 7 will come to be 
emitted from the same field and/or the whole fluorescent substance. 
[0022] 

A white light lighting system can be formed by using together a fluorescent substance and luminescent 
material like a scintillator with the radiation source. In addition, as for luminescent material, it is 
desirable to have high quantum efficiency on the specific luminescence wavelength of the radiation 
source. Furthermore, as for each luminescent material, it is desirable that it is transparent to the light 
wavelength emitted from other luminescent material. 
[0023] 

1 . Radiation Source 

The radiation source 1 should just consist of the radiation source which can make luminescence from a 
fluorescent substance occur. Preferably, the radiation source 1 consists of LED. However, the radiation 
source 1 may consist of noble gas, such as Ne in gas, such as mercury in a fluorescent lamp or a high- 
pressure mercury-vapor lamp, or a plasma display, Ar, and/or Xe. 
[0024] 

The radiation source 1 should just consist of LED to which the radiation 9 which looks white to an 
observer 8 from a fluorescent substance 3 is made to emit, when the radiation 2 emitted from LED 
carries out incidence to a fluorescent substance. For example, LED uses IILV, II- VI, or an IV-IV semi- 
conductor layer as a base material suitably, and is easy to consist of semiconductor diode which has the 
luminescence wavelength of 360-420nm. For example, LED may contain one or more semi-conductor 
layers which use GaN, ZnSe, or a SiC semi-conductor as a base material. Moreover, according to the 
request, LED may contain one or more quantum wells in the active region. Preferably, the active region 
of LED may include the p-n junction which consists of GaN, AlGaN, and/or an InGan semi-conductor 
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layer. P-n junction may be isolated by the thin non-doping InGan layer or one or more InGan quantum 
wells. LED may have luminescence wavelength within the limits of 370-390nm most preferably within 
the limits of 370-405nm within the limits of 360-420nm. However, LED with luminescence wavelength 
longer than 420nm may be used together with a fluorescent substance with thick thickness with which 
the bleedoff light from LED does not pass a fluorescent substance. For example, LED may have 370, 
375, 380, 390, or wavelength like 405nm. 
[0025] 

In the above, the radiation source 1 of a white light lighting system has been explained as semi- 
conductor light emitting diode. However, the radiation source of this invention is not limited only to 
semi-conductor light emitting diode. For example, the radiation source may consist of laser diode or 
organic light emitting diode (OLED). The above-mentioned desirable white light lighting system 
includes the single radiation source 1 . However, in order to mix the white light which improves the 
white light emitted or is emitted with the light of a different color, according to a request, two or more 
radiation sources may be used in equipment. For example, a white light lighting system may be used 
together with red, green, and/or blue light emitting diode within a display unit. 
[0026] 

2. 1st Fluorescent Substance 

The 1st luminescent material should just be a fluorescent substance which emits the light which answers 
incident radiation 2 from the radiation source 1, and has the peak emission wavelength of about 575 - 
620nm of abbreviation. When the radiation source 1 becomes within the limits which is 360-420nm 
from LED which has peak emission wavelength, the 1st fluorescent substance should just be a thing 
which has high relative visibility and quantum efficiency within the limits of 575-620nm to the incident 
radiation which has peak wavelength in a peak-emission- wavelength list within the limits of 360-420nm 
and which consists of an available fluorescent substance commercially. 
[0027] 

Preferably, the 1st fluorescent substance contains APO:Eu2+ and Mn2+ (A contains one or more sorts 
of Sr, calcium, Ba, and Mg among a formula). The 1st fluorescent substance contains most preferably 
pyrophosphoric-acid alkaline-earth-metal salt fluorescent substance A2P207:Eu2+ which doped a 
europium and manganese, and Mn2+. This fluorescent substance can be written to be 2(Al-x-yEuxMny) 
P207 (the inside of a formula, 0< x<=0.2, 0< y<=0.2). Preferably, A is strontium ion. Since this 
fluorescent substance has high visibility and high quantum efficiency to the incident radiation which has 
peak wavelength within the limits of 360-420nm emitted from LED, it is desirable as an object for the 
LED radiation sources. The 1st fluorescent substance may consist of A3P208:Eu2+ and Mn2+ (A 
contains one or more sorts of Sr, calcium, Ba, and Mg among a formula) as an exception method. 
[0028] 

In the pyrophosphoric-acid alkaline-earth-metal salt fluorescent substance which doped Eu2+ and 
Mn2+, generally Eu ion acts as a sensitizer and, generally Mn ion acts as an activator. That is, Eu ion 
absorbs the incidence energy (namely, photon) emitted from the radiation source, and transmits 
absorbed energy to Mn ion. Mn ion emits the large radiation band of width of face with the peak 
wavelength which changes from about 575nm to 595nm, when it is raised to an excitation state and A 
ion consists of Sr ion with the energy absorbed and transmitted. A shall consist of % of 50-mol Sr ion, 
and 50-mol % Mg ion, and you may make it become APO:Eu2+, SrMgP207:Eu2+ in which a Mn2+ 
fluorescent substance has the peak wavelength of about 615nm, and a Mn2+ fluorescent substance as an 
exception method. 
[0029] 

3. 2nd Fluorescent Substance 

The 2nd luminescent material should just be a fluorescent substance which emits the light which 
answers incident radiation 2 from the radiation source 1 , and has the peak emission wavelength of about 
495 - 550nm of abbreviation. When the radiation source 1 becomes within the limits which is 360- 
420nm from LED which has peak emission wavelength, the 2nd fluorescent substance should just be a 
thing which has high relative visibility and quantum efficiency within the limits of 495-550nm to the 
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incident radiation which has peak wavelength in a peak-emission-wavelength list within the limits of 
360-420nm and which consists of an available fluorescent substance commercially. For example, three 
kinds of following Eu2+ activation silicic-acid alkaline-earth-metal salts and an ulmin acid alkaline- 
earth-metal salt fluorescent substance suit these criteria. 
[0030] 

One of the fluorescent substances of these is silicic-acid alkaline-earth-metal salt fluorescent substance 
ASiO:Eu2+ (A contains one or more sorts of Ba, calcium, Sr, and Mg among a formula) activated by the 
bivalence europium. An ASiO:Eu2+ fluorescent substance has presentation A2Si04:Eu2+, and A 
consists of 60% or more of Ba, 30% or less of Sr, and 10% or less of calcium preferably. When A 
consists of Ba or calcium, the peak emission wavelength of a fluorescent substance is about 505nm. 
When A consists of Sr, the peak emission wavelength of a fluorescent substance is about 580nm. 
Therefore, in order to obtain desired peak wavelength, A consists of Ba ion containing calcium only 
with little Ba ion, and/or most desirable Sr ion. 
[0031] 

In a silicic-acid alkaline-earth-metal salt fluorescent substance, since a europium activator permutes the 
grid part of alkaline earth metal, a fluorescent substance can be written to be 2(1 (Ba, Sr, calcium)-xEux) 
Si04 (the inside of a formula, 0< x<=0.2). The silicic-acid alkaline-earth-metal salt fluorescent 
substance may contain other impurities and dopants. For example, the fluorescent substance may contain 
the little fluorine mixed during powder processing from the fluorine content flux compound (for 
example, BaF2 or EuF3). 
[0032] 

Silicic-acid alkaline-earth-metal salt fluorescent substance ADSiO:Eu2+ (in A, D contains one or more 
sorts of Mg and Zn among a formula including one or more sorts of Ba, calcium, and Sr) activated by 
other bivalence europiums is also suitable as the 2nd fluorescent substance. Preferably, an ADSiO:Eu2+ 
fluorescent substance has presentation A2DSi207:Eu2+. The peak emission wavelength and relative 
quantum efficiency of each isomorphism fluorescent substance are shown in the following table I. 
[0033] 
[A table 1] 
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535 


470 
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440 


500 


505 



[0034] 

Therefore, in order to obtain desired peak wavelength, A consists of Ba ion containing calcium only 

with little Ba ion, or most desirable Sr ion. 

[0035] 

In a silicic-acid alkaline-earth-metal salt fluorescent substance, since a europium activator permutes the 
grid part of alkaline earth metal, a fluorescent substance can be written to be 2D (Al-xEux) Si07 (the 
inside of a formula, 0< x<=0.2). The silicic-acid alkaline-earth-metal salt fluorescent substance may 
contain other impurities and dopants. For example, this fluorescent substance may contain the little 
fluorine mixed during powder processing from the fluorine content flux compound (for example, BaF2 
or EuF3). 
[0036] 
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Moreover, it is suitable for using ulmin acid alkaline-earth-metal salt fluorescent substance AA10:Eu2+ 
(A containing one or more sorts of Ba, Sr, and calcium among a formula) activated by the bivalence 
europium as the 2nd fluorescent substance. An AA10:Eu2+ fluorescent substance has presentation 
AA1204:Eu2+, and A consists of 50% or more of Sr, and consists of 80% or more of Sr, and 20% or 
less of Ba preferably. When A consists of Sr, the peak emission wavelength of a fluorescent substance is 
about 505nm. When A consists of Sr, the peak emission wavelength of a fluorescent substance is about 
520nm. When A consists of calcium, the peak emission wavelength of a fluorescent substance is about 
440nm. Therefore, in order to obtain desired peak wavelength, A consists of Sr ion or Sr, and Ba ion 
most preferably. 
[0037] 

In an ulmin acid alkaline-earth-metal salt fluorescent substance, since a europium activator permutes the 
grid part of alkaline earth metal, a fluorescent substance can be written to be 2(Al-xEux) aluminum 204 
(the inside of a formula, 0< x<=0.2). The ulmin acid alkaline-earth-metal salt fluorescent substance may 
contain other impurities and dopants (for example, fluorine mixed from flux). 
[0038] 

The silicic-acid alkaline-earth-metal salt fluorescent substance activated by the europium is indicated by 
"Fluorescence of Eu2+ Activated Silicates" 23 Philips Res.Repts[ besides G.Blasse ]., and 189-200 
(1968) (the written content makes some of these descriptions by use) at the detail. The ulmin acid 
alkaline-earth-metal salt fluorescent substance activated by the europium is indicated by "Fluorescence 
of Eu2+ Activated Alkaline-Earth Aluminates" 23 Philips Res.Repts[ besides G.Blasse ]., and 201-206 
(1968) (the written content makes some of these descriptions by use) at the detail. Luminescence and the 
excitation spectrum of an above-mentioned fluorescent substance are also illustrated by these 
periodicals. 
[0039] 

In one mode of this invention, in order to optimize a color or other luminescence properties, the 2nd 
fluorescent substance may consist of two or more silicates and aluminate fluorescent substances 
according to a request. For example, the 2nd fluorescent substance is good in the combination of the 
combination of ASiO:Eu2+ and ADSiO:Eu2+, the combination of ASiO:Eu2+ and AA10:Eu2+, the 
combination of ADSiO:Eu2+ and AA10:Eu2+ or ASiO:Eu2+, ADSiO:Eu2+, and AA10:Eu2+. The 
above-mentioned fluorescent substance can be arranged in the overlapping layers or the lighting system 
same as a blend. 
[0040] 

4. 3rd Fluorescent Substance 

The 3rd luminescent material should just be a fluorescent substance which emits the light which answers 
incident radiation 2 from the radiation source 1 , and has the peak emission wavelength of about 420 - 
480nm of abbreviation. When the radiation source 1 becomes within the limits which is 360-420nm 
from LED which has peak emission wavelength, the 3rd fluorescent substance should just be a thing 
which has high visibility and quantum efficiency within the limits of 420-480nm to the incident 
radiation which has peak wavelength in a peak-emission-wavelength list within the limits of 360-420nm 
and which consists of an available fluorescent substance commercially. For example, an Eu2+ activation 
fluorescent substance available on two kinds of following commercial targets suits these criteria. 
[0041] 

An example of the 3rd fluorescent substance which has peak emission wavelength within the limits of 
420-480nm is halo phosphate fluorescent substance DPOCl:Eu2+ (D contains one or more sorts of Sr, 
Ba, calcium, and Mg among a formula) activated by the bivalence europium. As for a DPOCl:Eu2+ 
fluorescent substance, it is desirable to consist of available "SEC A" fluorescent substance D5 (P04) 
3Cl:Eu2+ commercially. In order to raise luminescence reinforcement, a small amount of phosphate 
may be permuted by a small amount of borate. The peak emission wavelength of this fluorescent 
substance changes according to the ratio of strontium ion and other alkaline-earth-metal ion. When D 
consists only of Sr ion, peak emission wavelength is 447nm. If Ba ion permutes Sr ion, peak 
luminescence will move to a short wavelength side, and if calcium ion permutes Sr ion, peak 
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luminescence will move to a long wavelength side. For example, if 0.5-mol calcium ion permutes 0.5 
mols of five-mol Sr ion, peak luminescence will move to 452nm. If 0.5 mols calcium ion and 0.5-mol 
Ba ion permute one-mol Sr ion, peak luminescence will move to 445nm. Therefore, a desirable SECA 
fluorescent substance presentation is 5(Srl-y-zBayCaz)-xEux(P04) 3C1 (the inside of a formula, 
0.01<=x<=0.2, 0<=y<=0.1, 0<=z<=0.1), and desirable peak emission wavelength is 447-450nm. 
[0042] 

Another example of the 3rd fluorescent substance which has peak emission wavelength within the limits 
of 420-480nm is ulmin acid alkaline-earth-metal salt fluorescent substance AMgA10:Eu2+ (D contains 
one or more sorts of Ba, calcium, and Sr among a formula) activated by the bivalence europium. A 
desirable aluminate fluorescent substance has the mole ratio of various magnesium, aluminum, and 
oxygen, and can obtain it commercially under the name of "BAM." For example, one of the desirable 
BAM fluorescent substances can be written to be AMg2aluminuml6027:Eu2+ (it to be desirable that 
90% or more of Ba ion is included as for the inside of a formula, and A). This fluorescent substance has 
presentation (Bal-xEux) Mg2aluminum 16027 (it is 0<=x<=0.2 among a formula, and is x= 0.07 
preferably). As an exception method, BAM has mole-ratio BaMgA110O17:Eu2+. Since an Eu2+ 
activator exists in the grid part of A, a BAM fluorescent substance has a luminescence peak in about 
450nm. A luminescence peak moves to a long wavelength side from 450nm with the increment in the 
amount of barium ion permutations in strontium ion. 
[0043] 

Another example of the 3rd fluorescent substance which has peak emission wavelength within the limits 
of 420-480nm contains the bivalence europium activation aluminate fluorescent substance chosen from 
an EO*A10:Eu2+ fluorescent substance, an EA10:Eu2+ fluorescent substance, and/or a GA10:Eu2+ 
fluorescent substance (E consists of one or more sorts of Ba, Sr, and calcium ion among a formula, and 
G contains one or more sorts of K, Li, Na, and Rb ion). Preferably, E consists of Ba ion permuted with 0 
- 10% of Sr, or calcium ion, and G contains K permuted with 0 - 10% of Li, Na, or Rb ion. Preferably, 
an EO*A10:Eu2+ fluorescent substance contains z(BaO) *6aluminum203:Eu2+ or z(Bal-xEux) 
0*6aluminum 203 (the inside of a formula, K=z<=1.8, 0<=x<=0.2). As for an EA10:Eu2+ fluorescent 
substance, it is desirable that BaA112019:Eu2+ or (Bal-xEux) aluminum 12019 (the inside of a 
formula, 0<=x<=0.2) is included. As for a GA10:Eu2+ fluorescent substance, it is desirable that 
KA1 1 1 0 1 1 .07:Eu2+ or (Kl -xEux) aluminum 1 1 0 1 1 .07 (the inside of a formula, 0<=x<=0.2) is 
included. EO*A10, EAIO, and a GAIO fluorescent substance The following reference : A.L.N.Stevel 
and A.D.M.Schrama-de Pauw, Journal of the Electrochemical Society, 123 (1976) 691, and 
J.M.P.J.Verstegen, Journal of the Electrochemical Society, In 121 (1974) 1623 and a list, C.R.Ronda 
and B.M.J.Smets, Journal of the ElectrochemicalSoci ety, It is indicated by 136 (1989) 570 and the 
written content makes some of these descriptions by use. 
[0044] 

In one mode of this invention, the 2nd fluorescent substance may consist of a blend of SECA, BAM, 
and/or one or more sorts of aluminate fluorescent substances according to a request in order to optimize 
a color or other luminescence properties. 
[0045] 

5. 4th Fluorescent Substance of Arbitration 

The 4th luminescent material as an arbitration component should just be a fluorescent substance which 
emits the light which answers incident radiation 2 from the radiation source 1 , and has the peak emission 
wavelength of about 620 - 670nm of abbreviation. A red luminescence fluorescent substance may be 
added to the 1st, 2nd, and 3rd fluorescent substances in order to improve CRI of the white light emitted 
from the combination of a fluorescent substance. Since it is the scale which shows how the trial color of 
CRI under the lighting from a fluorescent substance can be seen as compared with the bottom of the 
lighting from blackbody, if luminescence of a fluorescent substance contains each color further, the 
white light from a fluorescent substance will approach the white light much more from blackbody. 
When the radiation source 1 becomes within the limits which is 360-420nm from LED which has peak 
emission wavelength, the 2nd fluorescent substance should just be a thing which has high visibility and 
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quantum efficiency within the limits of 620-670nm to the incident radiation which has peak wavelength 
in a peak-emission- wavelength list within the limits of 360-420nm and which consists of an available 
fluorescent substance commercially. For example, the fluoro germanate fluorescent substance activated 
by Mn4+ suits these criteria. 
[0046] 

For example, a fluoro germanate fluorescent substance may contain fluoro germanium acid magnesium 
fluorescent substance MgO*MgF*GeO:Mn4+ (preferably commercially available 3.5 MgO(s) 
*0.5MgF2*GeO2:Mn4+ fluorescent substance). This fluorescent substance emits the structuring red 
emission band which has six peaks at a room temperature among 623-664nm. 
[0047] 

6. Fluorescent Substance Blend 

According to one desirable mode of this invention, the 4th fluorescent substances of the 1 st, the 2nd, the 
3rd, and an arbitration component are scattered. Most preferably, these fluorescent substances are mixed 
so that a homogeneous blend may be produced, the amount of each fluorescent substance under blend — 
the class of fluorescent substance — and it is used and is dependent on the class of radiation source. 
However, the 4th fluorescent substance of the 1st, the 2nd, the 3rd, and an arbitration component should 
be blended so that the combination of the luminescence 9 from a fluorescent substance may look white 
to an observer 8. 
[0048] 

As an exception method, the 4th fluorescent substance of the 1st, the 2nd, the 3rd, and an arbitration 
component can also make the separate layer formed on the radiation source 1 . However, the upper 
fluorescent substance layer should be substantially made transparence to the radiation emitted from a 
downward fluorescent substance. 
[0049] 

The presentation of a fluorescent substance powder blend can be optimized based on the peak emission 
wavelength of the radiation source 1 in Blend CRI and the visibility of the number of the fluorescent 
substances to be used, and a request, the presentation of a fluorescent substance, and a list. For example, 
in order to reduce the color temperature of the fluorescent substance blend to fixed excitation radiation 
wavelength, the ratio of blue thru/or an orange luminescence fluorescent substance may be lowered. In 
order to raise CRI of a fluorescent substance blend, the 4th fluorescent substance like a red 
luminescence fluorescent substance may be added to a blend. 
[0050] 

the 1st desirable voice of this invention — the white light which the fluorescent substance blend applied 
like answers the incident radiation or excitation radiation which has peak wavelength within the limits of 
360-420nm including three or more kinds of fluorescent substances preferably, and is emitted from a 
fluorescent substance blend has the color temperature of 3 000-65 00K within the limits, CRI exceeding 
70, and the visibility exceeding 200 Im/W. Still more preferably, the visibility of a blend exceeds 264 
lm/W and a color temperature is within the limits of 3300-4100K. Visibility exceeds 264 Im/W most 
preferably. 
[0051] 

The 1st, 2nd, and 3rd desirable fluorescent substances concerning the 1st desirable mode of this 
invention are pyrophosphoric-acid strontium, a silicic-acid alkaline-earth-metal salt, and SECA, 
respectively, the 1st desirable voice — the presentation of the blend applied like — about 55- about 75% 
of the weight of Sr2P207:Eu2+ and a Mn2+ fluorescent substance, and about 11- about 22% of the 
weight of a 2(Ba, Sr, calcium) Si04:Eu2+ fluorescent substance, and about 13- about 22% of the weight 
of a 5 (Sr, Ba, calcium, Mg) (P04) 3Cl:Eu2+ fluorescent substance is included. 
[0052] 

the 2nd desirable voice of this invention — the white light which the fluorescent substance blend high 
[ CRI ] applied like answers the incident radiation which has peak wavelength within the limits of 360- 
420nm including four or more kinds of fluorescent substances preferably, and is emitted from a 
fluorescent substance blend has the color temperature of 3000-4 100K within the limits, CRI exceeding 
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90, and the visibility exceeding 200 lm/W. Still more preferably, the visibility of a blend exceeds 264 

lm/W and a color temperature is within the limits of 3300-3800K. 

[0053] 

The 1st, 2nd, 3rd, and 4th desirable fluorescent substances concerning the 2nd desirable mode of this 
invention are pyrophosphoric-acid strontium, a silicic-acid alkaline-earth-metal salt, SECA, and fluoro 
germanium acid magnesium, respectively. The presentation of the blend concerning the 2nd desirable 
mode Sr2P207:Eu2+, the Mn2+ fluorescent substance of about 11 - 43 % of the weight of abbreviation, 
about 9- about 15% of the weight of a 2(Ba, Sr, calcium) Si04:Eu2+ fluorescent substance, and about 6- 
about 14% of the weight of a 5 (Sr, Ba, calcium, Mg) (P04) 3Cl:Eu2+ fluorescent substance, and about 
30- about 71% of the weight of a 3.5MgO*0.5MgF2*GeO2:Mn4+ fluorescent substance is included. 
[0054] 

However, the fluorescent substance of others which have desired peak emission wavelength instead of 
being the above-mentioned fluorescent substance in addition to the above-mentioned fluorescent 
substance may be used. For example, to the radiation sources other than LED, the fluorescent substance 
which has high visibility and high quantum efficiency to the incident radiation which has the peak 
wavelength of 254nm and 147nm can be used for a fluorescent lamp and a plasma display application, 
respectively. Mercury gas luminescence with a fluorescent lamp has the peak emission wavelength of 
254nm, and Xe plasma discharge with a plasma display has the peak emission wavelength of 147nm. 
[0055] 

7. Lighting System 

According to the 1 st desirable operation gestalt of this invention, the 4th fluorescent substance powder 
of the 1st, the 2nd, the 3rd, and an arbitration component is arranged in a white light lighting system 
including the LED radiation source. This white light lighting system may have various structures. 
[0056] 

The 1 st desirable structure is sketched in drawing 3 . This lighting system contains the lead wire 1 3 
electrically attached in the light emitting diode chip 1 1 and the LED chip. It may consist of a thin line 
supported by the thick leadframe 15, and lead wire is forming the electrode of independence nature, or 
lead wire 13 can also exclude a leadframe. Lead wire 13 supplies a current to the LED chip 11, and 
makes radiation emit from the LED chip 1 1 . 
[0057] 

The LED chip 1 1 is enclosed with the interior of shell 17, and shell 17 surrounds an LED chip and the 
enclosure ingredient 19. Preferably, an enclosure ingredient consists of an ultraviolet resistance epoxy 
resin. Shell 17 is good at glass or plastics. An enclosure ingredient is good at an epoxy resin or a 
polymeric material like silicone. However, the independent shell 17 is lost and you may make it the 
outside surface of the enclosure ingredient 19 make shell 17. The LED chip 1 1 can be supported by the 
plinth attached in the electrode of a leadframe 1 5 and independence nature, the pars basilaris ossis 
occipitalis of shell 17, shell, or a leadframe. 
[0058] 

The 1 st desirable structure of a lighting system contains the fluorescent substance layer 2 1 which 
consists of the 4th fluorescent substance of the 1st, the 2nd, the 3rd, and an arbitration component. The 
fluorescent substance layer 21 can be directly formed on the upper part of the luminescence side of the 
LED chip 1 1 , or a luminescence side by applying the suspension containing the 4th fluorescent 
substance powder of the 1st, the 2nd, the 3rd, and an arbitration component to the LED chip 11, and 
drying. Fluorescent substance powder forms a solid fluorescent substance layer or a solid coat 21 after 
desiccation. Each should make transparence shell 17 and the enclosure ingredient 19 so that the white 
light 23 may pass these elements. A fluorescent substance emits the white light 23 which consists of the 
orange light emitted, respectively from the 4th fluorescent substance of the 1st, the 2nd, the 3rd, and an 
arbitration component, bluish green colored light, blue glow, and red light of an arbitration component. 
[0059] 

Drawing 4 shows the 2nd desirable structure of the equipment concerning the 1st desirable operation 
gestalt of this invention. If the point of having made fluorescent substance powder scattered inside the 
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enclosure ingredient 1 9 is removed instead of forming a fluorescent substance layer on the LED chip 1 1 , 
the structure of drawing 4 is the same as the thing of drawing 3 . The 1 st fluorescent substance powder 
can also be made scattered in the single field of the enclosure ingredient 19, or can also be made 
scattered over the whole enclosure ingredient product. What is necessary is to add powder to a polymer 
precursor, to stiffen a polymer precursor subsequently, and just to solidify a polymeric material, in order 
to make fluorescent substance powder scattered inside an enclosure ingredient. As an exception method, 
fluorescent substance powder may be mixed into an epoxy resin enclosure ingredient. Other fluorescent 
substance powder way-that-should-be methods can also be used. After carrying out preliminary mixing 
of the fluorescent substance powder, powder mixture may be added into the enclosure ingredient 1 9, or 
fluorescent substance powder may be separately added into the enclosure ingredient 19. As an exception 
method, the solid fluorescent substance layer 2 1 which consists of the 4th fluorescent substance of the 
1st, the 2nd, the 3rd, and an arbitration component may be inserted into the enclosure ingredient 19 
according to a request. With this structure, the fluorescent substance layer 21 absorbs the radiation 25 
emitted from LED, answers it, and emits the white light 23. 
[0060] 

Drawing 5 shows the 3rd desirable structure of the equipment concerning the 1st desirable operation 
gestalt of this invention. If the point in which the fluorescent substance layer 21 containing the 4th 
fluorescent substance of the 1st, the 2nd, the 3rd, and an arbitration component was formed on shell 17 
is removed instead of forming a fluorescent substance layer on the LED chip 1 1 , the structure of 
drawing 5 is the same as the thing of drawing 3 . Although forming in the inner surface of shell 17 is 
desirable as for the fluorescent substance layer 21, the fluorescent substance layer 21 may be formed in 
the outside surface of shell according to a request. The fluorescent substance layer 21 may be formed in 
all the front faces of shell, or may be formed only in the crowning of the front face of shell 17. 
[0061] 

Of course, the operation gestalt of drawing 3 -5 may be combined and a fluorescent substance may be 
arranged in any two places, all three places, or other locations, for example, it may dissociate from shell, 
and you may arrange, or may also include in LED. 
[0062] 

According to the 2nd desirable operation gestalt of this invention, the 4th powder of the 1 st, the 2nd, the 
3rd, and an arbitration component is arranged in a white light lighting system including the fluorescent 
lamp radiation source. Some fluorescent lamps are sketched in drawing 6 . A lamp 31 contains the 
fluorescent substance coat 35 which consists of the 4th fluorescent substance of the 1st, the 2nd, the 3rd, 
and an arbitration component on the front face (preferably inner surface) of a lamp cover 33. moreover, 
the fluorescent lamp 3 1 — a lamp — it is desirable to include a mouthpiece 37 and cathode 39. The lamp 
cover 33 has held the gas (for example, mercury) which answers the electrical potential difference 
impressed to cathode 39, and emits ultraviolet rays. 
[0063] 

According to the 3rd desirable operation gestalt of this invention, the 4th fluorescent substance powder 
of the 1st, the 2nd, the 3rd, and an arbitration component is arranged in the white light lighting system 
containing plasma display equipment. S. The volume Shionoya and on W.M.Yen, AC like the 
equipment indicated by "Phosphor Handbook" (1987 CRC Pres, 1999)623-639 page (the written content 
makes some of these descriptions by use), or DC plasma display panel can use all plasma display 
equipments. Drawing 7 sketches one eel of DC plasma display equipment 41. A eel includes the noble 
gas space 48 in the fluorescent substance layer 46 which consists of the 4th fluorescent substance of the 
anode plate 45 with 44 or 1 or more cathode of the 1 st glass plate 42 and 43 or 1 or more glass plates 
[ 2nd ], the 1st, the 2nd, the 3rd, and an arbitration component, and barrier rib 47 list. With AC plasma 
display equipment, an additional dielectric layer is prepared between cathode and the gas space 48. 
When an electrical potential difference is impressed between an anode plate 45 and cathode 44, the 
noble gas in space 48 emits the vacuum ultraviolet radiation (VUV) of short wavelength, the fluorescent 
substance layer 46 is excited and the white light is made to emit. 
[0064] 
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8. Processing Approach 

Each fluorescent substance may be manufactured, for example by what kind of ceramic powder method 

(for example, a wet chemistry method or a solid phase technique). 

[0065] 

The manufacture approach of the 1st fluorescent substance which consists of a pyrophosphoric-acid 
strontium fluorescent substance which doped a europium and manganese preferably includes the 
following processes. First, the raw material compound of the 1st fluorescent substance is manually 
blended mixed within a crucible, or it blends or mixes mechanically within another, suitable container 
(for example, ball mill), and raw material powder mixture is prepared. A raw material compound may 
consist of what kind of oxide, phosphate, a hydroxide, an oxalate, a carbonate, and/or a nitrate system 
fluorescent substance raw material compound. As a desirable fluorescent substance raw material 
compound, phosphoric-acid hydrogen strontium (SrHP04), manganese carbonate (MnC03), europium 
oxide (Eu 203), and phosphoric-acid hydrogen ammonium (NH4) (HP04) powder are mentioned. 
(NH4) HP04 powder is preferably added with 2% excessive amount of a stoichiometric ratio per [ to 
generate ] one mol of 1st fluorescent substance. Moreover, according to a request, Sr compound of an 
excessive amount may be added a little. Moreover, when calcium, barium, and/or magnesium are 
wanted to permute some or all of strontium, calcium, barium, and a magnesium raw material compound 
may be added. Next, raw material powder mixture is heated for about 1 to 5 hours in about 300-800 
degrees C (preferably 600 degrees C) air. Next, the obtained powder is blended again, subsequently it 
calcinates in about 1000-1250 degrees C (preferably 1000 degrees C) reducing atmosphere, and a baking 
fluorescent substance lump or a cake is obtained. Baking of the raw material ambient atmosphere 
mixture is preferably carried out for 4 to 10 hours (preferably 8 hours) in the furnace of the ambient 
atmosphere which consists of nitrogen and 0.1 - 10% of hydrogen, subsequently a furnace is turned off, 
and it cools in the same ambient atmosphere. 
[0066] 

Preferably, the manufacture approach of the 2nd desirable (Ba, Sr, calcium) 2Si04:Eu2+ fluorescent 
substance includes the following processes. First, the raw material compound of a fluorescent substance 
is manually blended mixed within a crucible, or it blends or mixes mechanically within another, suitable 
container (for example, ball mill), and raw material powder mixture is prepared. A raw material 
compound may consist of what kind of oxide, a hydroxide, an oxalate, a carbonate, and/or a nitrate 
system fluorescent substance raw material compound. As a desirable fluorescent substance raw material 
compound, a barium carbonate (BaC03), a strontium carbonate (SrC03), a calcium carbonate (CaC03), 
europium oxide (Eu 203), and a silicic acid (Si02*xH20) are mentioned. Preferably, flux of the amount 
of 0.5-3 mol %, such as CaF2, is added per one mol of generation fluorescent substances. Next, raw 
material powder mixture is first calcinated for 5 to 7 hours in a 1200-1400-degree C carbon content 
ambient atmosphere (for example, charcoal content ambient atmosphere), and the 1st baking fluorescent 
substance lump or cake is obtained. Subsequently, the obtained cake is ground and ground and it 
considers as powder. This powder is annealed or calcinated in about 900-1200-degree C reducing 
atmosphere next, and the 2nd baking fluorescent substance lump or cake is obtained. Preferably, powder 
is annealed for 2 to 6 hours in the furnace of the ambient atmosphere which consists of nitrogen and 0.1 
- 10% of hydrogen. 
[0067] 

A solid baking fluorescent substance lump is ground to the 1 st fluorescent substance powder, and 
fluorescent substance powder may enable it to apply him to some white light lighting systems easily. 
What is necessary is just to use crushing, grinding, or the pulverizing method (for example, wet 
grinding, dry type grinding, jet milling, or crushing) suitably, in order to use a solid fluorescent 
substance lump as the 1st fluorescent substance powder. A solid lump is preferably given to propanol, a 
methanol, and/or underwater wet grinding, and it dries. 
[0068] 

The 3rd and 4th fluorescent substances are commercially available as fluorescent substance powder, and 
the exact manufacture approach is not important. The synthesis method of BAM and a SECA 
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fluorescent substance is indicated by editing besides S.Shionoya, "Phosphor Handbook" (1987 CRC 
Press, 1999)398-399 page, and 416-419 pages, and the written content makes some of these descriptions 
by use. Generally, by the manufacture approach of a commercial BAM fluorescent substance, the start 
raw material which consists of flux (for example, aluminum fluoride or barium chloride) of a barium 
carbonate, a magnesium carbonate, an alumina or an aluminum hydroxide, europium oxide, and an 
arbitration component is blended. Next, raw material powder mixture is calcinated in about 1200-1400- 
degree C reducing atmosphere, and a baking fluorescent substance lump or a cake is obtained. Under the 
same conditions, choke crushing of the cake may be carried out and it may be re-calcinated. By the 
manufacture approach of a commercial SECA fluorescent substance, the start raw material which 
consists of a strontium carbonate, orthophosphoric acid strontium, a strontium chloride, and europium 
oxide is blended. Next, raw material powder mixture is calcinated in about 1000-1200-degree C 
reducing atmosphere, and a baking fluorescent substance lump or a cake is obtained. Subsequently, 
grinding of a cake obtains fluorescent substance powder. 
[0069] 

Next, the 4th fluorescent substance powder of the 1st, the 2nd, the 3rd, and an arbitration component is 
blended or mixed, and a fluorescent substance powder blend or mixture is prepared. Powder may be 
manually blended within a crucible and may be mechanically blended with another, suitable container 
(for example, ball mill). It cannot be overemphasized that the fluorescent substance powder blend may 
contain five or more kinds of powder according to a request. A lump may be pulverized and blended as 
an exception method. 
[0070] 

Next, a fluorescent substance powder blend is arranged in a white light lighting system. For example, a 
fluorescent substance powder blend may be arranged on an LED chip, it may be made scattered in an 
enclosure ingredient, or you may apply on the surface of shell as mentioned above about the 1st 
desirable operation gestalt of this invention. 
[0071] 

In applying a fluorescent substance powder blend to an LED chip or shell, it carries out the coat of an 
LED chip or the shell front face using the suspension which consists of a fluorescent substance powder 
blend and a liquid. Suspension may contain the binder which dissolved into the solvent as an arbitration 
component. Preferably, a binder consists of an organic substance (for example, a nitrocellulose or ethyl 
cellulose) which dissolved into the solvent (for example, butyl acetate or a xylol). A binder heightens 
the adhesion force of a powder particle to the adhesion force and LED, or shell of powder particles. 
However, according to a request, in order to simplify processing, a binder may be excluded. What is 
necessary is to dry and heat suspension and just to evaporate a binder after spreading. A fluorescent 
substance powder blend acts as a fluorescent substance layer 21 after solvent desiccation. 
[0072] 

What is necessary is to add a fluorescent substance blend to a polymer precursor, to stiffen a polymer 
precursor subsequently, and just to solidify a polymeric material, in making fluorescent substance blends 
scattered in the enclosure ingredient 19. As an exception method, a fluorescent substance blend may be 
mixed into an epoxy resin enclosure ingredient. The other fluorescent substance scattered methods may 
be used. 
[0073] 

What is necessary is just to carry out the coat of the inner surface of a lamp or a plasma display using the 

suspension which consists of a fluorescent substance powder blend and a liquid, in arranging a 

fluorescent substance blend in a fluorescent lamp or a plasma display. Suspension may contain the 

binder which dissolved into the solvent as an arbitration component as above-mentioned. 

[0074] 

9. Example 

It does not pass over the following examples to instantiation, and they do not limit the technical range of 

this invention. 

[0075] 
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Example 1 

Three sorts of blends which consist of three kinds of fluorescent substances were prepared by the above- 
mentioned approach. The presentation of a blend was changed according to the peak emission 
wavelength of the radiation source used with each blend. Generally, about the LED radiation source 
which has peak emission wavelength or excitation wavelength within the limits of 370-405nm, the 
amount of the 1st orange luminescence fluorescent substance under blend was increased, so that 
excitation wavelength was long, and the amount of the 2nd bluish green color luminescence fluorescent 
substance and the 3rd blue luminescence fluorescent substance was reduced. The CIE color coordinate 
(ccx and ccy), the color temperature, CRI, and the visibility of a blend are collectively shown in the 
following table II at excitation wavelength, the presentation of a blend, and a list. 
[0076] 
[A table 2] 

^11 





(WT%) 


ccx 


ccy 


(K) 


CRI 


(lm/W) 


380 mm 


SrP (57.5) 
BASI (21.5) 
SECA (21.0) 


.4011 


.3807 


3507 


70.5 


346.4 


390 mm 


SrP (61.4) 
BASI (19.4) 
SECA (19.2) 


.3995 


.3830 


3565 


70.7 


347.3 


405 mm 


SrP (73.7) 
BASI (12.1) 
SECA (14.2) 


.3899 


.3791 


3767 


72.3 


349.6 



[0077] 

The following abbreviations were used in the above-mentioned table. BASI=(Ba 0.65, Sr 0.2, calcium 
0.1, Eu0.05)2SiO4, SECA=(Sr, Ba, calcium) 5 (P04) 3Cl:Eu2+, SrP=Sr2P207:Eu2+, Mn2+. Visibility 
is defined as a product of the luminous intensity of equipment, and 683 lm/W. Here, 683 lm/W is 555nm 
in peak luminous intensity. The luminous intensity of equipment is defined as (integralF(lambda) Y 
(lambda) dlambda)/(integralF(lambda) dlambda) (F (lambda) is an emission spectrum among a formula, 
and Y (lambda) is the sensitivity curve of an eye). The color temperature of a blend changed from 
3507K to 3767K, CRI changed from 70.5 to 72.3, and visibility changed from 346.4 lm/W to 349.6 
lm/W as illustrated by Table II. These high visibility blends are desirable as an object for white light 
lighting systems sold in the lighting commercial scene of North America. 
[0078] 
Example 2 

Three sorts of blends which consist of four kinds of fluorescent substances were prepared by the above- 
mentioned approach. The presentation of a blend was. changed according to the peak emission 
wavelength of the radiation source used with each blend. Generally, about the LED radiation source 
which has peak emission wavelength or excitation wavelength within the limits of 370-405nm, the 
amount of the 1st, 2nd, and 3rd fluorescent substances under blend was increased, so that excitation 
wavelength was long, and the amount of the 4th fluorescent substance was reduced. The CIE color 
coordinate (ccx and ccy), the color temperature, CRI, and the visibility of a blend are collectively shown 
in the following table III at excitation wavelength, the presentation of a blend, and a list. 
[0079] 
[A table 3] 
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m. Ill 



mm a. 


(WT %) 


ccx 


ccy 




CRI 


4rt |0|t 

(lm/W) 


380 mm 


SrP (12.7) 
BASI (10.0) 
SECA (7.4) 
MgF (69.9) 


.4017 


.3835 


3519 


93 


285 


390 mm 


SrP (17.6) 
BASI (11.8) 
SECA (9.0) 
MgF (61.6) 


.4065 


.3793 


3374 


93.5 


272.2 


405 mm 


SrP (41.5) 
BASI (14.2) 
SECA (12.8) 
MgF (31.5) 


.3967 


.3743 


3557 


91.3 


264.7 



[0080] 

The following abbreviations were used in the above-mentioned table. BASI=(Ba 0.65, Sr 0.2, calcium 
0.1, Eu0.05)2SiO4, SECA=(Sr, Ba, calcium) 5 (P04) 3Cl:Eu2+, SrP=Sr2P207:Eu2+, Mn2+, and 
MgF=3.5MgO*0.5MgF2*GeO2:Mn4+. The color temperature of a blend changed from 3374K to 
3557K, CRI changed from 91.3 to 93.5, and visibility changed from 264.7 lm/W to 285 lm/W as 
illustrated by Table III. It is clear from Table III that addition of the 4th red luminescence fluorescent 
substance brings about remarkable buildup of CRI. These high CRI blends are desirable as an object for 
white light lighting systems sold in the lighting commercial scene in Europe. 
[0081] 

In the above, the desirable operation gestalt has been explained for the purpose of instantiation. 
However, probably the above explanation does not limit the technical range of this invention, and the 
summary of this invention and various modification in technical within the limits, application, and a 
permutation will be obvious to this contractor. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is the graph which shows a CIE chromaticity diagram. 
[Drawing 2] 

It is the schematic drawing of the white light lighting system concerning 1 operation gestalt of this 

invention. 

[Drawing 3] 

It is the outline sectional view of the lighting system using LED concerning the 1 st desirable operation 
gestalt of this invention. 
[Drawing 4] 

It is the outline sectional view of the lighting system using LED concerning the 1st desirable operation 
gestalt of this invention. 
[Drawing 5] 

It is the outline sectional view of the lighting system using LED concerning the 1st desirable operation 
gestalt of this invention. 
[Drawing 6] 

It is the outline sectional view of the lighting system using the fluorescent lamp concerning the 2nd 



http ://www4 . ipdl . ncipi . go j p/cgi-bin/tran_web_cgi_ej j e 



6/7/2005 



JP,20 04-50 1 5 1 2 5 A [DETAILED DESCRIPTION] 



Page 17 of 17 



desirable operation gestalt of this invention. 
[Drawing 7] 

It is the outline sectional view of the lighting system using the plasma display concerning the 3rd 
desirable operation gestalt of this invention. 
[Description of Notations] 

1 Radiation Source 

2 Radiation 

3 Fluorescent Substance 

4 Orange Light 

5 Bluish Green Colored Light 

6 Blue Glow 

7 Red Light 

8 Observer 

9 White Light 

1 1 Light Emitting Diode Chip 
13 Lead Wire 
1 5 Leadframe 
17 Shell 

1 9 Enclosure Ingredient 

2 1 Luminescent Material 

23 White Light 

25 Radiation 

3 1 Fluorescent Lamp 

33 Lamp Cover 

35 Fluorescent Substance Coat 

37 Lamp — Mouthpiece 

39 Cathode 

41 Traffic Signal 

42 1st Glass Plate 

43 2nd Glass Plate 

44 Cathode 

45 Anode Plate 

46 Fluorescent Substance Layer 

47 Barrier Rib 

48 Noble Gas Space 



[Translation done.] 
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(57) 

K (11) 2 6UiOtr— ^**KftS: 
^r*-5iWBEU:03S5ft*m (2 1) £«r£trtWfcfeflfl 

9I3£»-efcoT. 2&.±(D\i a — ?&fflg£:<D&y£C I E 

«<Offij&6STIEOC I Efeffi«S:«-f51Wlk&fiHWSS« 
^HWSixS. e) x = 0. 0 137St;y = 0. 4 8 
31, b) x = 0. 2 240My = 0. 3 8 90. c 
) x = 0. 2 800£X*y = 0. 4 500, g) x = 0 
• 2 8 7 9Ri;y = 0. 5 196,3feWCh) x = 0. 
0108Wy = 0. 7 2 2 0 6 WS^gf (5 1 
) tt. $Sift#fl| (4 1) O^TtU^t5Ci: 
* S- C# 5 0 36*WPftt. (Ba l . s Eu x )Mg 2 A 
1 1 6 0 2 7 ( TBAMj ) (Ba t _ x Eu x ) 

Mg 2 _ y Mn y Ai l5 0 2 7 ( TBAMMnJ ) * 
0<x^0. 2. 0<y^0. 5) <D^U 

GHRH] Hi 



03 



0.6 



0.4 



0.2 













G N\ 






















8-G* 
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\b 





0.2 



0.4 



0.6 



0.8 



(2) JP 2004-501512 A 2004. I. 15 

[ «f w m m <o m m ] 
I If ** 1 ] 

is % * << * - k (i i) t . 2et±otf-^383tKftS:?r-*-5iaet±ro3Sjfe«-«. (2 1 

) t Sr^tftSfeiW^ST-mot. iSE 2 K±tf> f - ^ %)taf jt c I Efelli: 
C I EfegHI-C-Sa^ « C fit « L, . BftESifl»WWjftasTIE<OC I E ffi Sf £ ^ f 
5 f? i& ft 85 §8 5? S „ 



e ) 


X 


= 0 . 


0 


1 


3 


7 R U y = 


0 . 


4 


8 


3 


1 , 


b ) 


X 


= 0 . 


2 


2 


4 


0 RTI y = 


0 . 


3 


8 


9 


0 . 


c ) 


X 


= 0 . 


2 


8 


0 


0 R y = 


0 . 


4 


5 


0 


0 , 


g ) 


X 


= 0 . 


2 


8 


7 


9 & y = 


0 . 


5 


1 


9 


6 , 


h ) 


X 


= 0 . 


0 


1 


0 


8 » V y = 


0 . 


7 


2 


2 


0 o 



[»*« 2 ] 

wriaasa^&ttasnsjtfiWriBisjt^-f^-K (ii) a»e>ifcaii**L5ir*©»r«jft«. 

[ If #ig 3 ] 

MiafS^^^Jh-K (11) ©tf-^*3tSft# 3 6 0 - 4 2 0 nmO«Irtt*5, ft 
#Jg 2 lE^O^g. 
[If #Jg 4 ] 

Huf2%?t^'-r *i- — K (1 1) 2>* 3 7 0 — 4 0 5 nm©mirtl;f-^^)t$S^tt5 I 
nGaNSftlJ^tt, ff jfc ig 3 12 4ft <0 £ fi . 

[ if *Jg 5 ] 

iE^)fc»fi (2 1) ©%ftC I EfeffIiJ x = o. 1±0. 0 5^^7 = 0. 5 2±0 

1 m * m 6 ] 

*HBl«£t_h©3S**f!|s|.a>363teC I Efellisc I Efeg@fEi2I«SaftCfiIL, 
iEB3ai(D.Sfi^TE(OC I EfeMllrttS, If # « 1 IE i« © g „ 

a) x = 0. 0 0 0 jy y = 0 . 506, 

b) x = 0 . 2 2 4 XO ! y = 0. 389, 

c) x = 0. 280fi.tPy = 0. 450, tt/l: 

d) x = 0. 0 0 Oi^y = 0 . 730. 
[ If * Jg 7 ] 

Mf5iaei±<^|§^«-^.cOB^C I E ftM^ri* C I Efta?BT?IHSZ»0**rtK:tt«L» 
noEHiZZ?K«>«^«STE«) C I E.fell^tt3, If # Jg 1 12 if£ cD =g g „ 

e) x = 0. 01375.157 = 0. 4831, 

f) x = 0. 2 0 9 4 jt;y = 0. 3953, 

g) x = 0. 2 8 7 9 So ! y = 0. 5196, & f;: 

h) x = 0. 01085.0*7 = 0. 7220 o 
[if*«8] 

& I mSl±<r>&ft&& (2 1) «S»-©AMgA10 : Eu 2 + , M n 2 + f£ ft ft £ -g" 
* s A !JS B a , CaS.T15Sr(7>l^«JiSr^-tf, ff*Jgll2©<75=£®. 
[ If * « 9 ] 

Buf2AMgAIO:Eu 2+ , Mn 2 + S3tft:i!AMg 2 A 1 , 5 0 2 7 : E u 2 * . M 
n 2 "*"«7tft:5:^^, Ai? 9 0 B a Srttf , ff**81S«^^S 0 

I » * * 1 0 ] 

S«II5AMg 2 Al l6 0 2 T : E u 2 + . M n 2 + f B a , . , E u , M g 2 . , 

Mn r A 1 , 6 0 2 7 S**!:^*, 0 < x S 0 . 2 T* $> 9 , 0. 0 5 g y £ 0 . 5fJ, 
5,tf*«9l5«<73^i: o 

1 1 ] 

iftIfai*IW-h<0?§)fcfcri|sf (2 1) as 

i) EO*A10:Eu 2+ , Mn 2 + Sjtfr (^t, E fi B a , StSffCaOllK 
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i i) E A I O : E u 2 + , Mq ! + S ft ft: ( « cf , E !i B a , S r&VCaOllKi 
ft- "a" £f ) . RXf 

i i i) G A 1 O : E u 2 + , M n 2 + * ft f* ( « =P . GftK, Li, N a S. V R b © 1 
i»l ft-&t? ) 

!i'bIRJfi51- © :£ ft ffc ft t? , IfjfeJSiIE^O^g. 
[ »** 1 2 ] 

ffi^EO* A 1 O : E u 2 + , Mn 2+ ^ft«:^5 x BaO*6Al 2 03 : E u 2 + . M 
n 2 + ft ^ ^ , fISEA 1 O : E u 2 + , Mn 2 + Sftftj! ( B a , _ x E u , ) A 1 , 
2 _ ,. M n r O i 9_o. s , WEGA 1 O : E u 2 + , M n 2 * :£ ft ffc zj; (K 

1 -,Eu„)Al ll _ r Mn r O ll . ot-o. 5 y *^tf, S»*9 1 1 ISf 

I m*m 1 3 ] 

HfrfElSWjLO^Jt«-^f(2 1) «s , 5 0 5 nmi 51^Il©f-7iftjSf ^ft5 
M 1 ®f ^frSV 5 0 5 nmJ:9ft^JS2©tf-*SS3fcift*&fi-i-'5!&2©S*ft:££-fc. 
, If 1 K«c©=gEg. 
1 4 ] 

^rEJSioe— ^«jtaft*«s4 4 o~4 5 5 nmcofsfflftdfci?. UEl2oe-^«* 

8£ g # 5 1 0 — 5 2 5 nm(0®Hf^(3fo5, If * 1 3 i2 it © ^ ff „ 

[ m*m 1 5 ] 

UulS^lWjtftffc^W^Sf (2 1) 75- 

a) AMgA10:Eu 2+ ^ftfr ( 5£ *> % A li B a , C a ft0S r C 1 ItU^tf) 

b) DPOC1 :Eu 2+ 1£fttf:(2:*. DttSr, B a . C a & M g © 1 S « ± ft- * 
tf) . 

c) EO*A10:Eu 2+ i£ft#:(S;<F. E f± B a , S r SVC a O 1 IKll^tf) 

d) EA10:Eu 2+ ^ft^(^4 Ix E tt B a . S r Srf C a C 1 iEli^ff) , R 

e) GAlC^Eu 2 ****^*, GttK, Li, N a X b O 1 l«±^ttf ) 
© 1 SEtiSr-t-tp, ff*J£ 1 4 IS^©^©. 

[»*«16] 
«rtt3f52©S3fctMs*i-«. ( 2 1 ) 

f) AMgA10:Eu 2+ , M n 2 + ft # ( ^ 4. , AttBa, CaRCfSrOlia 
JLSr^tf) , 

g) EO*A10:Eu 2+ , M n 2 + 0k ft ft ( s£ * „ E tt B a , Sr5:t^Ca©lS£i 

h) E A 1 O : E u 2 + , Mn 2+ ^3tfr(S*. E tt B a , SrXtfCa»ia£l±*r 

i) G A 1 O : E u 2 + , Mn 2 + Sftfr (^cf, G tt K , Li. NaStfRbOliJl 

[ »** 1 7 ] 

iEAMgA10:Eu 2t fftft^AMg 2 Al, 6 0 2 7 : E u 2 + ( f , A 11 9 
0%J^±©Baftr-&tf) «r * » tlEDPOC 1 : E u 2 + ft # (Sr. B a , Ca 
. Mg) 5 (P0 4 ) 3 CI : E u 2 + ft- ^ ^ v S5!E AM g A 1 O : E u 2 f , M n 2 + 
S*»#AMg 2 Ai IS O ar :Eu 2 " K ,Mn 2+ ( 5* * , A tt 9 0 %Hi© B a J; 
* tP ) ft ^ . i!2E0*A10:Eu 2+ $Jtft:i! x Ba0*6Al 2 0, : E u 2 + 
Sr ^ iiEEA 1 O : Eu 2 + Sft*^ ( B a , _ x E u , ) A 1 x 2 O l9 ft^^ 
^GAlO^u'^JtffiMK.-.EuJ Al ll0ll . 0 7 £Hr*, Bui£ 
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EO*AlO:Eu 2 *, Mn 2 + f Jftii X B a O * 6 A 1 , O 3 : E u 2 + , Mn 2 
+ £ ^ . i!2EA lO : Eu 2 + , Mn 2 + f*»^ ( B a l _ x E u x ) Al l2 _ 
Y M n y O , 9 _o. 5 7 Sr^^. ifEG A 1 O : E u 2 + , Mn 2 + Sjtft j! ( k x 
x E u x ) Al t , _ r M n r O , ! . o7-o. 5 , & * tf . 11*5 1 SEfoSt. 
[11*11 8] 

ISS A M g , Al t 6 0 2 7 : Eu 2 f Sffti; (B ai _ x Eu x )Mg 2 Al 16 0 
2 7 0 < x g 0 . 2) Sr^*, HE (s r, Ba, C a , Mg) s (P0 4 ) 3 

C^:Eu 2+ H:ft8:^ ( S r t _ , _ , B a y C a , ) 5 _ x £ u x ( P O 4 ) , C 1 

( n. <P , 0. 0 1 S x S 0 . 2, 0 =£ y £ 0 . 1, O^z^O. 1) £ su 12 A M g 

2 A1 16 0 27 : Eu 2 + f3tft:i : (Ba 1 _,Eu x )Mg 2 _ y Mn r Al 16 0 
» * 2 ( * * > 0 < x g 0 . 2, 0 < y g 0 . 5) £^^mJfExBaO*6Al 2 0 3 : 
Eu 2+ ^5fe($^S B a 0 . 73 Eu 0 . o 7 M n o . 2 0 A 1 1 0 9 O l7 2 * * 
. SJIE (B a , . x Eu, ) A 1 , 2 . , Mn, O, , . 0 . 5 y fJtftiS (Ba 0 . 8 
6 Eu 0 . 14 )Al ll . 6 oMn 0 . 4 0 O 18 . , 0 HE (K, Eu 

«)Al ll . r Mn y 0 ll . 07-o. s r ( K 0 . 86 Eu 0 . i 4 ) A 

l io. soMn 0 . 2 0 O 10 . , T **tf. 11*5 1 7 S^rogf. 

[§*S1 9] 

miOM** (Ba,., Eu x ) Mg 2 Al 1 6 0 2 7 ( A <P , 0 < x 0 2 
) £3-*. ffia5*2ro£**d! ( B a t _ x E u x ) Mg 2 _ y Mn y Al 16 0 27 ( 
St * , 0 < x g 0 . 2. 0 < y :g 0 . 5) «r * tf , 31*51 8|5tro^t 0 
[If *5 2 0] 

«T1B 1 ««_h (2 1) as, ffilES 1 (0^5fe^^^sfrf5^ 2<rci£*#Sr^3 0 • 

7 0-^8 : 9 2(7>S*JtT-^-tf, ff*5l9fEi&CD=gie„ 
[ If *5 2 1] 

»K*l«>**fti:«riESr20*36flci:«>a*JkaSj|fiii8 : 8 2 J> 5 , If *5 2 0 fE« 

<o ^ a . 

[11*52 2 ] 

ffiE*i©s3tefrftT*me*2©*3ft#asffcs EL ,-c^, 5 a», s£vM*mrfES& 1 w^3t*sc5 

[If *5 2 3] 

»E*10t3fe*Rff»EJ|2 0t36»©'>4< t%-*«S2iK±oS*#©5'i/yK 
Sr-g-tf, il*Sl 3f£«tf>=£B„ 

[ If *5 2 4 ] 

WIE^Jfe^-r^— K (11) $: ifc ^ U -> i /!✓ (17) t , 

WC^** (17) iWE^Jfe^-f^-K (11) tCMCiaiSftfcSfAttft (19) 

a) «re»%«dc«re«5ft^^ *- k (i d ©tiicitsnxv^s^, 

b) «TE*3t«:dS#riE«-A«-fl- (1 9) f C*ftirv>S^, ^ V N(i 

c) sfJfEgftfMSfrlEv'^^ (l 7) KftftS jitv^S, !f*5l!5ife<E>3£g 
[ If * 5 2 5 ] 

WIEW^&RgB^^g (51) Sr IRS * ^ ^ (4 3) % ffl3S*fK&jS 

Ma (s i) cosii^-iciHasiT-fc^iim-i-fl-u^x (45) t ^ * p> ic -gr tp » * 5 2 
4 iB m <d m a „ " 

[If *« 2 6]' 

*»5>4S:fflS*LfciS:Jtas*2(Otf-^*3t«*S:dfeC5. S*5lEtwgi 
[ If * 5 2 7 ] ° 

* & > ^ (43) £ . 
laiOUVX (4 5) t . 

4 2 0 nmKT^e-^lgJfeftfi^f ( 1} t % 
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2«±rotf-^I)tiSf ?:f f5 1 t«±©%)ttt^ (3) ir^-g-tr^ilff^-m-C-fooT 

g L , Bu 15 29 i2 ff£ <D II £ # T 12 <?3 C I EfeMM 35 il ft «l , 

a) x = 0 . 000S.U : y=0. 506, 

b) x = 0 . 2 2 4 Sffy = 0. 389, 

c) x = 0 . 280,£.O f y = 0. 450, 3£ (C 

d) x = 0. 000&tfy = 0. 7 3 0 „ 
[ if 2 8 ] 

ffimfottM (1) ^ 3§ ft - K (1 1) Sr-g-tp, IS * 2 7 12 « » £ il ft # . 

( fit 2 9 ] 

ffllE2ei±roe-^^5fe&S<O%5tCIEfeMSI^x = 0. 1 ± 0 . 0 5 & W y = 0 . 5 
2±0. 0 5 T' & -5 , IS*^2 8|5®<73^ilfB^^„ 
[ If 3 0 ] 

SfrlSia«±0^3t«-^ (!) as, (B ai _ x Eu x ) M g 2 A 1 1 6 O z T i£ ft # ( 
iCf 1 , 0 < x g 0 . 2) £: (B a , . , E u, ) Mg 2 . , Mn, A 1 , 6 0 2 7 f Jtft 

(SC<P, 0 < x S 0 . 2, 0 < y ^ 0 . 5) ta;S 3 0 : 7 0 ~ iSS 8 : 9 2©ltlttil 
^Lfc/uy h'^ttf, lf*3S2 9fEtt(7D3S51ft^-« 8 

[!f?#J5 3 1 ] 

fufSSfttt:^^J18 : 8 2 T-fc 5 , IfJfcJg 3 0 12 ^ i§ {f -S§- « . 
[IS*JS 3 2] 

«)tft^*i:?r^-g-L-C, C I Efe«III^Si21?<Offii!£f*itcf±a-t-.53§ftc I E€.M^* 
MfE«3tf*:«&^il-g-^ (3, 2 1) £: Sfc #t 2£ (1) ic g£ » L T # 1^ £ ss 93 3£ M ftK & g -f 



e ) 
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= 0 . 
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7 & l? y = 


0 . 


4 
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b ) 
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= 0 . 
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0Rrfy = 


0 . 
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c ) 
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0S(fy = 


0 . 
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0 . 


g ) 
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= 0 . 
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9 RXI y = 


0 . 
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6 . 3£ Xf lc 


h ) 
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= 0 . 
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8 & U< y = 


0 . 
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2 


0 0 



[ IS * JS 3 3 ] 

HfifESxMM (1) #$gft y (1 1) Sr-g-tf, fit # « 3 2 12 
[11*113 4] 

ffi 12 M ft ^ -4 K (11) <Of— ^*iSS« ! 3 7 0 ~ 4 0 5 nmO|lrtia!), Str 

IE^^f*:^*?l-g-fe(2 1)<75^3tCIEfeM^ziSx = 0. 1 ± 0 . 0 5 ft y = 0 . 5 
2 ± 0 . 0 5 ffe5, SI*S3 3Ef 
3 5 ] 

S5 ie m -s- x a* N 

a) AMgA10:Eu 2+ :i:ftf*(5£'£, AttB a, C a StfS t O 1 Igi^ttf) 
, fttf 

b) DPOC1 :Eu 2+ *3tfr(a:t", D(±S r, B a , C a £0!M g (O 1 l«±Srt 
tr) 

c) AMgA10:Eu 2 + , M n 2 + i£ ft #: ( i£ <P , A B a , C aStfS r Wlig 

d) EaO*AlO:Eu 2+ , Mn 2H "«^ft:(S:^ % EttBa, S r ft 0= C a 0? 1 S 
«±S:*tf) . 

e) E A 1 O : E u 2 + , Mn 2 + £ftf*(3:<P, EttBa, SrfttfCa0>l«B_fc.«r 
-&tf) , fttf 
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f) G A 1 O : E u 2 ^ , Mn 2 ' S** (S=f , G tt K , Li. N a- JtfR b © 1 IK 
± Sr-S-tf ) 

<75lS«±^-<biMtR^n^^2^«3tft:|&5fei:Srfg^-i-5ci:5r^-tf, if # if 3 4 IS <o 
[»#* 3 6 ] 

buie^ i <Dntft&®m t ffistm 2 <Dmitfc%t3£ t & rs-a-i- s mr ib x a ^ . (b a t _ , e 

u x )Mg 2 Al l6 0 27 (jC* . 0 < x ^ 0 . 2)i:(Ba 1 _ x Eu x )Mg 2 _ 
7 Mn r Al l8 0 8T ( it f . 0 < x ^ 0 . 2, 0 < y S 0 . 5) iSr^)30:70~ 
8 8 : 9 2 0lttfCa*t5:ifc*tf > IS*«3 5te«^^fe 0 
[ I * * * 3 7 J 

iftCS*ifc*s«ll8 : 8 2 T- & 5 , f§*3S3 6f5«<0^ri£ 0 
[ if 3 8 ] 

«HE«*#'Wah-K (1 1) Sr v- = (l 7) rtCElt5Ili, M fa *s * (17) 
(C#fA*t*q- (19) Sr3c«t-5Xmt?:^«b(c-^tf. »**3 3E*0536rjSfe. 
[ if 3 9 ] 

b) sSIE^AM^- (1 9) <f»fc:ittES3tefl:®3tSiR£-tt (2 1) ifc VM± 

c) WE*3fc«:|&5Ka«-«fc»J(tfcSr«-tf«a8«S:«rE'>*/u (1 7) mi e «gi 

[ ft Jfcjg 4 o ] 

ifimm]t#®mm&v>) (2 i) w^jtc i E-&m.m& c i Efesm-c-Effi^rom^^tce: 
Bb, ifr is eg m m- <d m A & T e <r> c r e &js« £ -5 , ff*3S3 2iBt<o^i£ a 

a) x = 0. 0 0 0& t5y = 0. 506, 

b) x = 0. 2 2 4 Stfy = 0. 389. 

c) x = 0. 280 SO:y = 0. 450, IfflC 

d) x = 0. 000^.U!y = 0. 730. 
[ft 4 1 ] 

itrefls^sa (51) ik&mm^m^w^y (4 3) rtice«*-5iafc*&K-*tp» 
if *^ 4 o mmoum. 

[ if *m 4 2 ] 

ii& E i£ 3fc 5fc iS <fe <£> 36 ft C I.E&lS«:c I E fi, « M X E3 22 ff? <D IS ft & S L , t& 
BHia»©B*i5TEOC I EfeM^Sr^i-5. ft** 3 2IS®©*ife. 

e) x = 0. 0 1 3 7 J(fy = 0. 4831, 

f) x = 0. 209425.^7 = 0. 3953. 

g) x = 0 . 2 8 7 9 5t)!y = 0. 5 19 6, tVl: 

h) x = 0. 0 1 0 8Jtt)!y = 0. 7220. 
[if #* 4 3 ] 

M!EIi^t5ril!jS:fflT^ ^7 , H'rtlcEit5IlS:$ ?>lcttf, R * « 4 2 E « O 

[ 0 0 0 1 ] 

[ IS W co W * 1 

*«Wtt-«Kfife*iaWSgttlCHU» #: ft |C tt . * * ^ * - K ( fLEDj ) ft* e, 
[ 0 0 0 2 ] 

'^^COi^m& t I.X mm SixTl^S. S. Nakamuraffi. "The Blue L 
aser Diode" 10. 4 *, 2l6~221JC(Springer&. 1997 
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% jfe L EDIlfffe^3fe^*»LEDO^^®(Ct7 ^ ^ f **i^f^t 5 : > i: J; o 
tKiteti5 0 % * , ffeLEDill nGaN* — *-¥-#FaLED-Cfc9. 1£ ft fl i£ 
Y 3 A1 5 01 2 : Ce 3 f ^) t ^ A SiO 7 F ^ ^ 7 ^ ;^ n ^- * 7 F ( r y 
AG : Cej ) T* fc 5 . LEDd»e>4feM*ttfc#ft*f±**»^BjBUrJtft*fcatHS 

[ 0 0 0 3 ] 

tfeLED-YAG: C e SjfeftO fi ft * B W 8 1 ttKT(Ofigf Sr » t 5 . * 
'^)ffeLED-YAG : C eS^fcftgtfl, *^*(cE«:t5 6 0 0 0 — 8 0 0 0 K ® 10 
Hrt*>aiV>feffl.«&t*ft 7 0 - 7 5 O Affltt*»fejgft (CRI) «r*i- 3 S fe * £ £ iT 

5 0 & # 1- *l fi > iojsiofe«x(4feS«tta i iOTtc i Efesst' 6 o o oksi; 

8 0 0 0 K^feSf Of B 10lft|lj» ( TBBLj ) l:Sfgltfitt5 0 IWgf^fe^ 
« «: . f *#©»S«:**St5:t-CfiTSt5:tiS'C*5. L ri> L . 3£ ft # <0 £ 

[ 0 0 0 4 ] 

i &fflLAdSltCS!MiC< CR I Ottg^i^f feLED-YAG : C e SjtftSflSf ttSI 

» * . 3-B 7 ^ftf»o|*tt-j8i:CR l(Difi!VNSW«iS:ff&. M X- « . ^fc*^®^ 
li-KC 3 0 0 0 - 4 1 0 0 KOSirt^feiaS?:f t5ii5:ff^, H — ny/<(OI? 20 
tt-DSiC C R. I t5S 9 0£±[s]Sge®£:£rti>o 
[ 0 0 0 5 ] 

13 1 i:^tfi*l«jr;C I EfeSBtt, K. H. Butler, "Fluoresce 
nt Lamp Phosphors" ( ^ >- ^ /^ 7 ^ ~ T M ±L X tti }fe m . 1980) 
98—107K. &tfG. Biasseflb, "Luminescent Materia 
Is" (Springer-Veriagtt, 1994) 1 0 9 - 1 1 0 I4f»oi»O 

£ tix & 9 , *©ia*rt*wta««cj:oT*w«i*o — b 

BLCfiotSit^filll (-J-fcto^. fe,£) Wt. ^^V^O^S^E ( 1 ) = A A 
~ 5 / (e < B ' t > _i) |c^p 0 5£ * . Elt^DfeSI, 1 tt 38 * ife * . Tf^m^O 
fe^^. AS^Btt^tT'fc^o B B L±Xf±^r^afflCffilt5fea«tt % « £ # ft 30 

fc(^c^:ifefe£OM^t(^ c-efctv.fi. cr i iti o ocf t^ fl 

[ 0 0 0 6 ] 

ffeLED-YAG: C e S3feftgl<?) t> 5 - O O^ili, LEDOfeW^f * 

si *d s n s m * ■ t * t- « <t 1- 6 r. <h -e $> * o m st . n r <^ ^ >- k ^ ^ ^ *§ # @f a ^ *i 

^ ^/M^^ftttl^f t5 L E D^-^(Olt$T*SitJ tl5o ^oT. ^^5LED© 
0>««:*rLTl^-Ct>. LEDOittfttLEDlcaUOSftStAfiBfa^tt^fettfilS 40 

a^e>fttasn53tttLED^e>^#fe/sE»«:$tf^"e, LEDofeaji^jKo^^ 

of:6fe) C I t 6 a 
[ 0 0 0 7 ] 

$ h «C WfeLED-YAGiCe^Tfeff^gOfetfci^li. L E D 7 V /SSftCS* C 
It^^Iift^oBSWCigC^I^/^^-^-^^f n ( i" * to *> . Sig^O^ 

5o 16 ft & m i" r 5 4: , L EDi»b»a*ix5**S*ftfcaat5lf±Bfa«)tS:iB 50 
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W <m » fa o T M. X. 5 o fife * . S**iSfftrs t. J*<^YAG:Ce*#»:JB*ai8?-5 

K 5 fc ft , L E D-f jtfCS^glllS^as^otlt^. 
[ 0 0 0 8 ] 

b , tftLED-YAG : CeS3fc#SK»***£SfcSKLT*3fcfle<OIE**«£&Sj 
iitSr tf±ilf$>5, *#**>ff£#3E»1-$*&*. & K ffi ^7 # S fe # bb h jg & iz 
f±^FaSi»fc5»**s#*fc5 a o £ <} , ^gtOfeffi^jas^efe * * X tt * 

* tf* A> o fc ) C 1 i 5 fc ft > ffiLED-YAG : C e f 36^tI©S!t$g !) jJJfFS 

[ 0 0 0 9 ] 

* , f6LED-YAG : CefJtftgltt, Wfe*t*feifciflD#«K:jRH1-S~n 
- » * t> -f . L EDIJ, ^l*IttSrtoT#fe3tSr»lll-r5. L- z5> L , tjtftttffijfcj 

^2riftic (-*-**>*>. t-^rco^rrsjic) Sfc a i~ 5 „ o r . *«*»e>w*aj>j*SiiHc ( 

[0010] 

[ ft 9i <o « K ] 

MiO-MCtfttf, 38*#'-f3j--Ki. «95 7 5- »6 20nm«>tf'-^»*ttft 
«:*-**« 1 <D&ftW& t , mi <OJS3te*-»fctt**r3*l4 9 5 ~£| 5 5 0 n m<0 fcf- ? 
$kK&&Z&-r 2 k ^ *lStf*20**#»ttt*45tt4 2 0 -154 

o ■ • 

[0011] 

. 3 6 0-4 2 0 nm(0«5fflrt(clf-^Kfi^^--r5AW«cttlc^^Ur^)t<*:yU'V K 

*»e>»aijii5afe3fei5 3 o o o~6 5 0 oKoisi^oftst, 7 o^iiascR 1 , 
&t*2 00 \ m/ wit ±mz>®.mmitm Ka*««3*ia. 
[0012] 

* n 9! <o »j <r> m m s ± h t£ . 

^iroAPO:Eu 2+ , Mn' + f < St * . A f±Sr. C a . Ba fttfM g <D 1 « 

a) ASiO:Eu ,+ S*# A li B a , C a „ S r SCfM g W 1 IHiSr^tf 
) , 

b) ADSiO:Eu !t $Jt» (^t, A fi B a , C aSVS rCllEilS:^*, D 
liMgSO : Z nO ll«J:S:^tf) , au= 

c) AA10;Eu !+ S** (Sf, AttBa, S r Jtf C a W 1 IHiJttf) 

<» i m &l ± fa m&. z ti z m 2 <d m yt & a ^ 

d ) AMgAlOrEu 2 A tt B a , C a S r O 1 Igl J: Jttf) 

a ) DPOC1 : E u 2 + j£)fcfc ( 5C * , DttSr, Ba. C a RVM g O 1 

tr) , R.V 

f) EO*A10:Eu 2t fjt*(S^ EttBa. S r JfltC a O 1 iKife^tf) 

g ) EAIO:Eu 2t fitf(: ( £ * , EttBa. S r 5Cf C a <0 1 lEli^^tf) ft 
Of 
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h) GA 1 O : E u ! + f jtft (Jf>, GliK, Li, N a R b © 1 l«±?r$tf) 

z tt a fe * is m m s zs- « k s n 5 . 

[0013] 

3§ 9§ <£> S'J W l@ £ tl tt" . £j 5 7 5 -8 6 2 0 nmOf — ^USSSSrf f5S 1 ©f 

}t <fc $& 3fe <t: , » 4 9 5-155 5 0 n mO jttSJf t 51 2 »S*«:8*i , |tj 

4 2 0 4 8 0 nmOe-?i|£ Sfi|;tt5l3©Sjt»|}*i:^yuy hatf * 

SiSSIrtK:EIt5Ili:S:*tfafe3e!!8WSlo81*tea£||«*ii5. 
[0014] 1Q 

. L E D © m ^ , L EDSttiO/<y y^ts, S.^^Jt^^co^^co^gj) tc J; -5 

I£#W^fci^fetil^«r£e5&fi3teJ!!lWft««:»3::£asS*L.^. |g # 1? tt , £fc £)- 

m-mfttt&mm<D&.iiij]frWtttm ( #j * tf , led) ^ej&ttj^jx-s^r^wpraftits: 

^ * ft tt ix tf , t>* 5 3iW <n lii t) A* fi* 2> m Sh \z £ $ & >& i&T T Z i^5&lSr#fc 
. r co *g , if rofeiUAliL ED©f ^j, '«^K=¥-*-s':^«&t*»#Wfl.fc:J:o-c** 

* 3t * «: -a -a -r Z> o 

[0015] 20 

3£Ba>£>Jfciii£iT.5 6-&3fc;as;&fcWig (Wt«, LED) ^^SfctB^nS^Sco^r^^^^r 
**fttt*ttf, ««©feai/jtt:383t«-«-o*SfcJ:o-C*Ktcf±*flsna:v^. Sot, 3g 
(«;tri, fc»»^SLEDifc»<©*tta6K©fi.ttl27fc:15*fcR0:£ftv% 
. c tt, tt , tt)21DO*tefI^ft5„ 
[0016] 

^SWfetB^rlc^i-S^^frlHlie-rs^&o — ott, A IH O B t= tt Jl *. ft ^ tt * © »J+ «: 

Sr^-T 5 ttSf-fe (UV) fe»fflt5i5KLEDSr**tfttf $ 6 iz s AW© 

@ttKS3 8 0~4 0 0 nmO^^«S:O t KS4 0 0~4 2 0 n m O tfef Ctt J II if S 

ft<^ 0 SoT> LEDS>biSttlJJft5ftltroiSiS!)! 4 2 0 n mgTO i # tt, LED 30 
*»&ttWSix5ifc»is**i*:«:iSia-fS*>5a»*rlBt>i*, L E D-1£ft#g|g<7>fefcB;*jtt 
H « ft ft i£ ^ £r g tt ft < ft 5 „ ^Htt, Kft«)4 2 0 n mgtTO&itilAP^ © 1 tlig t 
k, if % x. ft »^ «> r- $> 5 . 
[0017] 

ittrofea^iwJttsK 0 & "T -5 fc*rom2<7?^&tt. ft»iKd»b«>iitlttiiia*-e- 

4^*^»ft*t»S'*fflt5:if*)5. « *. tt\ LED riS 4 2 0 ~ 6 5 0 nm05F|)t 
fcjfifciH.-*- 5 , $ *s*«ofe.ffl^j..{ci5#«r&«?* ft ^ «t jKtSKIi, L 

EDA^ib%ad$tu5^m3feoA^*^^^^iiiaLftv^J;?(c^) l fcft:S: + ^■fti?^tc-r-^ 
t tr £> 5 . ft fc* L , ^g<Ofeti5^j--(D^SSrI5lje-r-5r<0^-)£tt'5r8gT-ttfe5 25^ ||o 

[0018] ... 

# i" 5 . LED-*3tfr^gaiefe3tS:^aBi-5«tplc-ri^tt. & ft # tt L E 
[0019] 

lw 5KlSEtt:S-e:5;: < !:jfli-e*5. #1 * tt , ft & <D & ft & <& & <n & m x- m ft. T 

tt, t*rt?ifi4 LV^ 3 0 0 0 ~ 6 5 0 0 K©fegf ( 7 0^iS5CR IH)!3 0 0 
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h J: <^ . 77y->3.9'fhffliU-Cf±, 4 0 O 0^ 6 5 0 OKffl£ISiS»caiL^, 

S'J Sfe <i: L T > 3-n.y/<j)iffisL^ 3 0 0 0 ~4 10 0KC6iag. 9 

R I St? 2 0 0 1 m/W*±{g<5£«««:*-*-5&feJte!BB£a#f*e ) ft.5J: ? ft!i © ■£ 

[ 0 0 2 0 J 

* 3§ §3 # ^ 14 , 4$ 5 7 5 - 6 2 0 nm©SIftCtf-^^itSS:f t5S 1 

* * * , » 4 9 5 - ft 5 5 0 nm©i5irtlCfcr-?*3t&S^tt5l2rotafeJ83tf 
36 <£ , ft ft 4 2 0 ~» 4 8 0<Ofcr-^38JtSE«Sr*-f5*30Hrfe*36*jtfl:Sr^ffl-r 

mm<0 C R I ?rffi*5fc*, ft 6 2 0 - ft 6 7 0 <75 f — ^ HifeSS S: 1 1 5 ^ 4 © gfeg 
36#36#2rffi;|c/&:9-i: LTTSJOLtt 
[ 0 0 2 1 ] 

H 2 ttJzl2WJ^SSr«S:W{C*-r. i2 ffi, LED©t54ftltSl4»&ani4htft 
it 2 # , 3li©^)t^fH3 ( #J ;t 14 , ±E©J:5**l. I 2 X^I 3 ©S)t*) ic 
A M f S . Mckt 2 «: , A RSJ © @ # ^ £ ft j£ g ( #J ;t 14 , 4 2 0 nm£iTro&g) 3r L- 
#5. SiJfeT-tt. «*ff3tt*««>ttat2SrS*f«KiiiaS-a:>!i:v^a«<Ofl|[S=&*L»5 
. AWUfcft#2 iSrRlRLtg, f 1 ©f Jtftli 5 7 5 ~ 6 2 0 n mCtlftC 
3feKS*tt5gfe3t4?:tlilL < f 2©f3feft|J 4 9 5-5 5 0 nmOttBrtCfcr— ? 
IS?fe&gSr^-i-5#^fe?fe5$rifetiSb s 13Cf)6ft|l 4 2 0 - 4 8 0 n mCllrtClf 
-^M)tffifil:lrt5f §)t6 SrScffltS. 3?4<D;£36fMs#&-r-5*-§-, 6 2 0-6 7 
Onmro3Sffl^tce-^|g3tteS$r^ri-<5*fe3t7§:S!:ai-r5. gL H ^ 8 (4 , *1 & 36 4 . 
#*S£.36 5 , #fe}6 6 RXJ^MWm CO^&^t 7 W -fr £• 6fe?6 9 t \,xm$n-tZ>„ M2 
14 , *Sfi<Z>«£:&0iJ;^i-3fcJ?>, S * 5 W 3t 4 , 5. 6 Slf 7 #9lfioS*«;?|lSA> t, 
S4t5r iSr«S6«ll^Tt. fc/£L-, «■ i£ 36 ft: £ jg L T * - <£> a i£ 36 ft: JS 3 £Jg/£ 
i" ix 14 , 36 4 , 5. 6^tJ7i5|^-<gg^5:t5/X(i*3fe«:^:^*^iba:ai$ix5J;9(C75:^ 

o 

[ 0 0 2 2 ] 

sr ft u-*-<o ± 9 & as 36 at as t mmt -5 r 1 gfi«insti 

[ 0 0 2 3 ] 

i&kim 1 t±. * * » e> © * 36 1 ^ jg s * « ^ t <o t? # 5 stft « & * « *> <o -c *> n tf j: 

V^. #3;L<14, t#IlltLED«>645. fc « L- » ft «■ 21 1 14 * 36 9 V y X 14 ffi JBE * 
«ff*<0**fcif©;tr**V%tt:r?X^7*-f>i:7' > u-f I fi©N e „ A rSi;/XttXe ft if 

[ 0 0 2 4 ] 

ft &t 25 1 li , « tf , LED*»e>JfcUJ**tfc»at2!4S»*ft:fcA»Lft:ttrK:«}t»:3 34> 
5)**f 8Cfi< jH5ttlt9S r tt|iis*5 LED4 » E>45tfl 5 t?fcntfil . v , i « *. tf , 
L E D Itit I I I-V v I I - V I X 14 I V - I v ^sg ftrjf SrS«" L , 360-4-2 
0 nmO«Jfe8ft«:|rt5*»*/'f K^6ft5fc©tfJ:v>. #J X 14 , L E D 14 G a 

{4. LEDOgltSSltCaN, A 1 G a N ft XT / X 14 I n G a n ¥ iff ft: « ^ C, ft £ p - 
nS5*Sr^^-cv%-ct>J:^. P - ng^li, K-T- I n G a n«Xtt 1 Jti© I n 

G a ntf JtpflStLTU^. L E D ii, 3 6 0 ~ 4 2 0 n mOglrt, !fiL<tt 
3 7 0-4 0 5 n m <£> «| ffl |*J . tt>!ifS L- < 14 3 7 0 - 3 9 0 a m©®lrtC|S)ttf % 
W L * 5 0 fc* L , SJtRS^ 4 2 0 nmiHS^LED^, LED7)»e><0&ttJ36^* 
ft*«:aaL4v*J:54**©J¥^«*f*fcflfJBL-Ct>.fc^. 0>J * f4 . LED (4 3 7 0. 
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3 75, 380. 3 9 0 Ili 4 0 5 nmOJ:;iRf?:f Li5 a 
[ 0 0 2 5 ] 

&L ± , afiftinifitOttitK 1 Ko^t(4*****^-f Kfc L T ffc 91 L T t fc a 

fcfcb, *JS«o»»||[tt*i*Ji)t/>f t-Ko*i:R3|gft4^. M;Ltf. ft It* ft 
u-if-^-f2i--KXf±*«*jt^>r^-K (OLED) ^5>4560"et i^. ± E 

[ 0 0 2 6 ] 10 

2 . jfg 1 (Digftft 

mi<Dftlttf&l±. »lt2Sl^e>OAItSc*f2{C^£:^LT^ 5 7 5 - 6 2 0 n m O t:° — 
^%*«S5:tto^^l7t:^ft^ilt^f)^:*t'^)tl^^J:v^ 0 #c It 2§C 1 ^ 3 6 0-4 2 0 n 
m(0®HrtiCt-~^^^^S^^ri-5 LEDA*e>fcS»*. fg 1 ^ * 3t flc fl , 3 6 0-4 
2 0 nm^Sirti; f-^Sf if f6AWfelt{C>?r LT 5 7 5 — 6 2 0 n rn GO ® B ft tC 

tr— ^«*KftttV^»^ti*i'«i8«JtV*^Sb*S:*-t-5 W * «Mc A*- pTIB * *#0c * 

[ 0 0 2 7 ] 

* * L, < rtt , fglO£ftffcftAPO:Eu 2+ , M n 2 * ( * 4> , A ft S r , C a , Ba 
at/MgOll^i:?:^?}) S: * & • * t> # £ L < ft . I 1 (tar) □ t'^ARr; 20 

^y^y^r K-/ifcfa y y®7/^ y ±iii$S)t«:A 2 p 2 o 7 : e u 2 + , m 

n 2 + £^tr 0 ^^££3fcft:ft. (A 1 _ x _ y Eu x Mn jr ) 2 P 2 0 7 (St, 0 < 
x^O. 2, 0 < y ^ 0 . 2) tt<wi^-ef5. ffSL<f±,Att^hnyf«>A^ 
^-^T-$>5o KDf LED^^filStL^ 3 6 0 - 4 2 0 n m©ffil(^i: f - ^ 

fflt LtffSL^. SISt Lt, *10S3t#f4A 3 P 2 O g : E u 2 + , M n 2 + ( SC 
A ft Sr. Ca. B a ^(/M g O 1 i^^tp) 4 5 t O t «t V\ 

[ 0 0 2 8 ] 

Eu 2 ' ^t5Mn 2 + Sr K-T'Lfcl^n y yg7/i/^ y ±®^8If ^feftt II, E u 4 * 
> It - lc tf ^ #j ^ itf^ffll, Mn-f ty[i-jRi:iSttft#Ji: Ltf^ffif5 9 i- ft to 30 
, E u^5t-y(itt»Sd^bttttlSixfcAJti*^¥- ( i~ ft to . * ) SrKiRL, ® ifc 
x^/^-^Mn^tyCEltSo Mn^f tVttKlR • fit J tbfcx^;l/^-|c i o t 
Sb^ifcf&fCjiJ^ibft, A-T^*^ fl\ S r ^ ^ >- ^ ft 3 <k # ft 5 7 5 nm^P) 5 9 5nm 

/^%(^Sr^^^^50^/U%(^Mg^^V^>^ft5t^ < hL. A P O : E u 2 + , M n 

2 + S*»^ft 6 1 5 nm(Olf-^SI$:tt^S rMg P 2 0 7 : E u 2 + , M n 2 + 

[ 0 0 2 9 ] 

3 . g 2 Qgtftft 

*2^38)t«-»tt. »JtKl^&OA»Jfclt2i:jC*ltl!l4 9 5 - » 5 5 0 n mfl) tf- ■ 40 

mOteirtlcf-^S^ftSSrtti LEDi^t-Si^, I2(0«3fe»:«t, 3 6 0- 4 
2 0 nm^)ffiirti:t , -^I!:ft5Altiftlt(CSlt 4 9 5-5 5 0 nmCOEi^lC 

[ 0 0 3 0 ] 

^ £ * 3t (*: CO - o ft , ifa^a tf-? A-egttftShfcir^87/u* y ±a4JR*$* 
<£ A S i O : E u 2 + ( 5£ * , A ft B a x C a . S r Stf M g (7) 1 i^i&^tf ) "T? fo 5 
o » * L < «: % ASiO:Eu 2+ S**li|ISA 2 SiQ 4 : E u 2 + £ f L . A it $? 50 
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SL<li6 0%KJ:(DBa, 3 0%g(7i7)S r. SO:i 0%«7»C a^C>'£5 0 A zJS B 

aXttC a f jt#© f - ^ Jtlf (iH 5 0 5 nmfS,5 0 A#StS>P, 

458^, f jt»ff)fc'-^f 3tigEf|l|) 5 8 O nmfS>5 a SoT> 3f S <0 fcf — ^ i£ g £- 

» 5 *!> , AlifijjifS L< iiB a-f;*-><75,^j&^f2/>£<75C aSy/XttS r >f 2T V §• 
^trB a -f 

[ 0 0 3 1 ] 

gBfi^S^rS^-C-.^^^fi ( (Ba, Sr, Ca) t _ x E u , ) 2 Si0 4 (ft* 

, 0 < x S 0 . 2 ) tS<d < 5:75sr-#5 0 4 r 'TSferyu*y±a^«*aitjfe{4:tt^(o«i©T 

f * * "ft * * ( m x. t£ , B a F 2 X li E u F j ) i^SALfc'>i07y|J^^f^t 
[ 0 0 3 2 J 

* © «!i «> - « a. ^ a ^ A -e ffitt ft S n fc ^ -f » T * y ± JS ^ « it * Jt f#: A D S iO : 
E u 2 . + ( ft * % AUB a, C a ftVS r <0 llEtl?:^*, D ttM g SCJ!Z n O 1 i« 
± S: * tf ) t>H?2W^)tf2t:.i:b-C®L-CV><&. # £ L < I* , ADSiO:Eu 2+ £3tft 
M A 2 DS i 2 0 7 : Eu 2 + £: * i" 5 „ «■ H » S ft ft: © fcT — ^ 36 Jt ft ft X r/« # * 
-7-<»^£T15<753E I fc^-r. 

[ 0 0 3 3 ] 

[* 1 ] 

SI 





A 


D 


A 


D 


A 


D 


A 


D 


A 


D 


A 


D 




Ca 


Mg 


Sr 


Mg 


Sr 


Zn 


Sr/ 
Ba 


Mg 


Ba 


Mg 


Ba 


Zn 




535 


470 


470 


440 


500 


505 





[ 0 0 3 4 ] 

C aXflS r-f^J-VSr-g-tPB a ;>r i-' rt> e> & <5 . 
[ 0 0 3 5 ] 

SBfeSrg^-r5(D-e, ^3tftii(A 1 _ x Eu x ) 2 DSi0 7 (ft*. 0 < x =S 0 . 2 

* (««lxrf, BaF,XttEuF 3 ) 1A lfc'>iO 7 y ^ A, T* ^ X k <fc <^ . 
[ 0 0 3 6 ] 

* , ^<ffi^-^nf^A-CSttft$tl-fcT/US:>^r/U*y±^^Jg^^3fe^AA 1 O : 
E u 2 + (ft * , A f± B a , S rSVCa©llPil^^tf) fcl^cOgftftiL-C «.Vx 
5c7>{CigL-CV^5. ffHOt, A A 1 O : Eu 2 + f JtfrttfflfigA A 1 2 0 4 : Eu 2 

«r*L, Att5O%£t±0>Srft»E>fe9. * l< li 8 0 S r Stf 2 0 %KT 

«>B a A#S.r«»&ftSt*, S3fe#©tf-^?S3tJSf ttJU 5 0 5 n mfj,5 

. A^Sri^ftS**-. **#«)l?-^»ft8fttt» 5 2 0 nmffc5. AiiCafrf, 

* 5 » , S*ft:©lf--* > 383teaSfttt*l4 4 0nm-<?fc5. o "C\ ffSOtf-^KSSr 
» 5 7t # . Afiftt>£f3:L<{iS r ^ Mi S ra^B a ^ 3T ^ 6 & 3 0 

[ 0 0 3 7 ] 

r/u5>^r/U7>y±n^^^«5tft:T-tt. <> * w j»mte.itm\±T ^ * v ±m±m<» 
te*snt£&a»i-s*>-e, stftfttt (a x _ „ E u x ) 2 ai 2 o 4 (ft*. o< x so 
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[ 0 0 3 8 ] 

e^At^ttfk^fc^^ir/^ y ±i#SSS)t»^, g. b i a s s e fife, 

"Fluorescence of E u 2 + Activated Silicate 
s " 23 Philips Res. Repts., 189 — 200 (1968) ( 

^^■CStt{t*ixfcr/u5Vlfer/u*y±a&JK**3t»:f±, G. B 1 a s s e {& , " F 
luorescence of E u 2 Activated Alkaline-E 

arth Alumina tes" 23 Philips Res. Repts., 10 
2 0 1-2 0 6 (1 9 6 8) ( * <0 & & ft m & & M IC £ X * 9i & & <D & i ft + ) CP 

[0 0 3 9 ] 

) 2CO«^fe^^ASiO:Eu 24 *i:ADSiO:Eu 2 + i Ofi^-fr, ASiO:Eu 2 
f i:AA10:Eu 2 + ^H^1t, ADSiO:Eu 2 + i:AA10:Eu 2 + <toom 
SVMtAS iO: E u 2 + £ A D S iO : Eu 2 + irAAlO : E u 2 + O it 

5 . 

[ 0 0 4 0 ] 

4 . %3Qf jfcft 

fg303§}fc#-£ff^ «cttMl^e>C0AltSfc#t2fCJ^«:br«j4 2 0 -» 4 8 0 nmWtf- 
^*****#^5^«**ttmi"S*3l6<*:-efc*L«J:V^ 0 ftMfi 3 6 0 - 4 2 0 n 

m©|lrt|:t'-^X$f ^ftSLED^^^i^, * 3 <7> S * tt . 3 6 0- 4 
2 0 nmO®irt(Cf-^i6S$:tt5AWftMlC^Lt 4 2 0-4 8 0 n m <D tS H ft 
tr— ^ «3t&SMt5CS v^**flE&tf*^afc*i £r*1- -5 (SHI ft lc A^^Tfg ****** & ft 
SfcO-efctLtfiv^. W * tf , TI5^)2MS(7)FS^^{-A^«r|gftEu 2 + ?£ tt {b « 3fc ffc 

^wotmm^ts. 30 

[0 0 4 1 ] 

4 2 0-4 8 0 nm^©Hrt{Ct°~^^*^S^^r"r5^30^*^<D--^J(i: % Htf^-* 
a fcT r> A -C&teft $ ttfc^ a y >-.g£i£i£3t#D P O C 1 : E u 2 + ( 5£ * x D S r . B 
a, C aS^Mg£0 11^±$:ttp) "Cfo^ 0 DPOC1 :Eu 2+ *3fe*«. l£ ft (;: 
A 3^ *T fg ft fSECAj S*ftD 5 (P0 4 ) 3 C 1 : Eu 2 + & ft 5 <0 # & * U ^ o 

<7> f — ^ 51 1* v ^ > cy.f ?A^tytte07/i/* y ±.a*i-f*vi <DifcsSM£/& 

CtHbf^ 0 D3fl5Sr^f*y(D^^5)45»^ e-^«ft8*l± 4 4 7 n mtfc5. 

5 r -f V £ B a-f^-^-Cllifei-tttftr — ^***s«Si*«*C»tbU, S r >T V £ C a 

0 . 5^:/u£:0. 5*^OCa^*yt?llftt5i, f-^K*li 4 5 2 nmlCgftt 
5 0 l*^©Sr-f^yft0. a tyR^O. 5 ^ /KO B a >f t ^"Ct^t 

St, fcr-^«jt(l 4 4 5 nmK»it5. S£ o T , ^ I ^ S E C Af It (S 

r l ^ y _ z Ba y Ca z ) 5 _ x Eu )C (P0 4 ) 3 C1 ( 5£ <P . 0. 01^x^0. 
2, O^y^O. 1, O^z^O. 1) -<?$>9. SfSLVNt-— ^%7tSg{± 447-45 
0 n m *C 6 0 
[ 0 0 4 2 ] 

4 2 0-4 8 0 nmOSIrtC f^$3 ^S)fe»OSijO^||j:, ~ ffi^ 

>>c t^At-gttfkJtifcryu^ ygr/u^j y ±iiist *»am g a 1 o : e u 2 + 

DUB a , CaRl/S rOliKi^f^) "C fe S . »*UVNTyU^>^jg^^ 50 
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» tt m * t£ t 7 * -> V A , 7/Ui=^AIc;tlro?;HtSrf L, C B A M j <7? * fjc T? igj 
i^!:Aft5ri:#T*i:<5„ #J x , jf * B AMSAftW-oiJ AM g 2 Alt 6 
0, 7 :Eu 2+ ( 3t * , AI19 0%«±(OB a t V $-^tf (O^ff * L^) if <;i 

# «. :»fjt*ttlfi ( B a , _ x E u x ) M g 2 Al , , O, T ( S * . 0 g x 
^0. 2T-foi9, £ L < fi x = 0 . 0 7 T" & 5 ) SrttS. »i|SiL', BAMIit/U 
tfc B a M g A 1 , o O, T : Eu 2 * & *T 1" 5 . BAM«)t*fl, A(7>*&TSl5fe(CEu 2 

T-W^y * <W ^-^fi^fiOltiDIC^or. S§ ft fcf - * t± 4 5 0 nma»P,*Sfi«{c^» 
t5. 
[ 0 0 4 3 ] 

4 2 0-4 8 0 nm©«Hrt»Ctf-**3ttjfc*fc#r5*3roig*»<O9j050!|tt. E O * 
AlO : Eu 2 + EAIO: Eu 2 + f )t»S^/XltG A 1 O : Eu 2 + £ ft 

* ( * «f , E « B a , S rStfCa-f*y»liKia»e,45 ( GttK, Li, N a &. 
Rb-f ^^Wiajy.±S:-g-tp) i>bII?Jti51l3.?a f?AfSttft7;U5 ytlf )t 
& £ * tf . » * L < tt , Eli0~l 0%OS rXttCa^tyfSftJ^lfcBa-fty^ 
5) * 9 , G fi 0 ~ 1 0 % © L i , NaXttRb-f*yel»*JifcKft*tf. * L < tt 
. EO*A10:Eu 2+ ii:ft#:ttz (BaO) * 6 A 1 2 O 3 : E u 2 + X fi z (Ba 
i-,Eu.) OtBAl.O, , 1 ^ z g 1 . 8, O^xSO. 2)§r^tf„E 
A10:Eu 2+ ^5fe^ ( iBaAl 1 2 O , 9 :Eu 2+ Xfi ( B a > _ x E u x ) Al 
l2 O l9 ( 5£ * , 0 S x S 0 . 2)£^tp?>;$s$?;£L.^« > GA10:Eu 2 '"£ft#:|i 
KAl ll0ll . 0T :Eu 2 + Xtt(K 1 _ x Eu x )Al ll O il . 07 ( * * 
, O^xSO. 2) L-V>„ EO*A10, EA 1 OSt/GA 1 Of)t»ll 
, <D&%Xm : A. L. N. Steve 1 X A . D. M. Schrama-de 

P a u w . Journal of the Electrochemical Soc 
iet y- 123 (1976) 691, J. M. P. J. Verstegen. Jo 
urnal of the Electrochemical Society, 121 
(19 7 4) 1 6 2 3 . tt^CC. R. RondaJVB. M. J. Smets. Jo 
urnal of the Electrochemical Society, 136 

(i 9 8 9) 5 7 oicfs^*tt-c*59, s t<ommftm\*mm\z.si-ox*.wmig<D-mz:ts: 

[ 0 0 4 4 ] 

*&w<v-mmx-t±, i& 2 <r> & ft # « , fexf±^o«i©jB3t»ttt*a^"*-sfc«>, is 

ic/fcCT, SECA, B AMXtf/Xli 1 i«±<D 7^ 5 y Klf ffo / u- y Ki> ?> * 
[ 0 0 4 5 ] 

5 • gf Q% 4 ©itftft: 

frMf&ft t UOI4 **f«ia»e>©Alt«:«t2K:rt;«:u-CJS6 2 0 ~|) 

ft&IS, *3ft«:o«a-d-*d» &acffl * *t,5 Sfeft^C R I SrStSi-S 7c«), JIT 1 , »2SO : 
W 3 O £ ft fc: fc mm U r t> «fc CR Itt*3t»a»&OiaWT-e«OK»4ds*i*:A»&rojg 
iTiifctJ Utc'OJ: 7t-^.x.'5 7i*S:^i- / ^.ST?$,5d^e 5 , 3ift{*:<O3§fttfS(@.<r(0fe£:-£ 

~ 4 2 0 nmOffilrtlcf-^^g^fifiSr ^ "T 5 L E Di>?, 4 5 1^, * 2 © * * |* % 
3 6 0-4 2 0 nmWSiftlce-^f Jrtt5AWSItl:»Lt 6 2 0-6 7 0 nm 

****** a* i©Si»fc:a£-i-3. 
[ 0 0 4 6 ] 

MgO*MgF*GeO:Mn 4+ ( » * U < tt , jgf £ « fc A # ^ « * 3 . 5MgO*0 
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. 5MgF 2 *Ge0 2 : Mn 4 + fit*) Sr^trfcO-C'kJ:^,, r^fftffcfi, 623 

~ 6 6 4 nm©IS!l:Iiaf6o©lf-^ ttt5ilft*£«)t/-!v KSrtatS. 
[ 0 0 4 7] 

6 . fjtftyuy K 

*3BW<0»SL^-«8«lcj:n(f, Hi. 12, J& 3 . 1 I/tEf ^^?) I 4 tf)f 

£ L T 5 „ * t> # * L < tt , wix6©f JtfrtttSlf ft^i/y KStf 5±?CR^Sft 

fc fc* L- . ff 1 , jg 2 , If? 3 . SO:ttS«»OS4(7)f )6«:|±, & ftfr a>e><Z>3§3fe9<OM£- 

[ 0 0 4 8 ] 10 

[ 0 0 4 9 ] 

5 # S£ 4 <7>Htft#&7'u^ KlcSJo Lt t J: ^ „ 

[ 0 0 5 0 ] 20 

^ 0 £ L ^ « « « 5 it ft f£ W V KI4> » * L < l±3S^y.±ro^3tfr^ 

* » 3 6 0 ~ 4 2 0 nmroeirtlCf-^tfi^^fSAitftMXttiEftltlCJSSL, 
-C^JtfrT'UVKd^Sfeai^lxSefeitiiS 0 0 0 — 6 5 0 0 K <D mm <D fi. i£ ft , 7 0 
*-t^5CR I, 2 0 0 1 m/W£J:II5fiSS*tt5. £ <b C £f •£ L < te . T'U 
>KW«iS$(1 2 6 4 1 m / W Sr J: HI 9 , tB ft fi 3 3 0 0 ~ 4 1 0 0 K©KlrtCfc5 
. S t> # * L < tt , *I i& ft (± 2 6 4 1 m/W5r±|§5„ 

[ 0 0 5 1] 

*&W<Dm 1 Off * LV«*fc«*ff£ t^f 1 , ® 2SO=g30a*ft(4. ft ^ in, ti- 
ny >-g?*hn>-^.?A, ^-rS7/UA !) ±f &11RU!S ECAffe5„ fg 1 # * L 
^8*K«57'l/yK©a)8li, i& 5 5~^7 5SS%<7>S r 2 P 2 0 7 : Eu 2 + , M 30 
n 2 ftl l~&22li%© (Ba, Sr. Ca) 2 Si0 4 : E u 2 + :£ ft 

# . 3~»2 2It%C ( S r , Ba, Ca, Mg) s (P0 4 ) 3 C1 :Eu 
2 + fftttSr^tf. 

[ 0 0 5 2 ] 

*560!©Jir2©#SLV*«*fc« 3 If; C R I OSJtW^i/VKtt, »t L< li4ii«J: 
O it ft # S: -g- ^ , 3 6 0 - 4 2 0 n m © ffi H ft IC f - ^ Sr 1 1 5 Alt U t 

#7fc{fc7'u>"Ka>e>;ftm£*i.36fe3ttt:3 0 0 0 ~ 4 l o 0 K co ® ffi ft co iB ft , 9 0$: 
■tBSCRI. J^ 2 0 0 lm/WS:±@5IIt!r*t5. £ 5> «d $f £ L < fi , ^ u > 

K OfiSSgtt 2 6 4 1 m / W £r _b 0 s £. i& ft ft 3 3 0 0 ~ 3 8 0 OKWffilrttfcS. 

[0053] 40 

^-*A&^^*->?AT-fc5. $2 Oif$ L V> fig tc <gj 5 ;T u- ^ K ©fi^li , jft i i ~ 
64 3ii%f)Sr 2 P ! 0 7 :Eu 2 + . Mn 2 + *)tft, »9-ftl.5tt%W (B 
a - Sr - Ca) 2 Si0 4 : Eu 2 + , |)6~8l4li%0 (Sr, Ba, C 

a, Mg) 3 ( P O 4 ) 3 C I : E u 2 + f Slf^ 3 0 7 1 If%© 3 . 5M 

gO*0. 5 M g F 2 *Ge0 2 :Mn 4 + 3£ ft f£ £ tp 0 
[ 0 0 5 4 ] 

fcfc'L. ±feoi£ft«croft;>3ic, *<^ttJLK0>*3tefl:i::ia;c.-C. j3rS<oi^— **ftR«* 
fft5*0|fto*Jfe*S:*ffl Ltt ik\ M*.tf, LEDK^©&JtiSl:ML.Ttt 1 2 5 50 
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4 n m R 1 4 7 nmCOt'-^i^g^^^5A#t^M(C^Lrii5i/^m^ 1 gS.U : ^V^S^-5a 

X- <F> X. e 7 ? X l&mfc \ 4 7 n m© - ? jSJfeffift ^ 1 1 5, 
[ 0 0 5 5 ] 
7 . jg ggjgjg 

[ 0 0 5 6 ] 

»iroffSL^«5t€rlH3{CIIS^i-5 0 ^^SSflSlli, fg ft ^ 'f ;sf- — Kf y^l iR 
tf L E D f- y 7 iZ M% 6*J (C & fl- ft e> ix f c y - h* & 1 3 Sr ^ t? „ y — K » 1 3ftff^J- K 

7 u - a i 5 t- x » * ax fc *a #t a* e> * 5 t o v «> j: «f» u . a «: y - k m # g a tt «o m s 

S: ft L T ^ "C , y-F7^Uf<;ntJ5. !/-K*13ttLEDfy7-lli: 
IgSSSr^^L. L E D f 5 - y 7* l l;J»e>;8S:atS:;&ffl£i*-.5 0 
[ 0 0 5 7 ] 

L E D -y Zf 1 1 fcfc -> ;c A- 1 7 <7> ft 35 {C #t A £ #1. , V = /U 1 7 (j: L E D f y 7"aO=ltA» 
®r 1 9 Sr IS tf . » * L < tt , #A*t»tt»*^ilH43:iK*V«fJBa»&»S:5 0 ->x;H7tt 
. «*.tf#?*x«:7 , 9;*^i/^-e.fc^. £r A St**!*, M ;t tf ^ W J!§ x 12 v- y = - 

v»J:5ft*»-T-4*»«-eJ:^. Ttfcb, aii/^^l 7 S:4< L, If AMil 9 ©^iis 
•>x>H 7t4ti5ttttJ:V\ LEDf y y 1 1 li, gljxlf, y — K7W-A15 

, S ittwrns, x. A* i 7 <r> jg , ^v^tt">zc/ujz:{±y — K^i/ — AtcScf=i-ite>tLfc^ 

[ 0 0 5 8 ] 

KikKfcm 2 1 Sr^-tr. *jt»i2 1ft, jjfi . * 2 , S3 StySt)SdoS4 
»*S:$tt5S»ffi*LEDf y^l 1 Cf $ Lt Sit 5 C i I: i o t, LEDf ? 

»JIXIiftlR2 1 ->x;H 7ay^Atfi|sH 9li^f ht, 6 & ft 2 3 # r 

*fefta*e>/£5afeft2 3Sr®ct±i-r5„ 
[ 0 0 5 9 ] 

H4tt, **W©*l©#*UV^*llS«»»c:«5«sil©J(r2iO#*UV^«|5ftfc*-r. L E 
D^-yVl 1 ±t£**fr»fc»j*-f3ft 9 K*Jtefc»*"*#A«-» 1 9 © ft SB C ft ft S it 
/t jft S: Bfe it tf , 0 4©«itH:i3(O'{ ) (Oi:liCfii)5 < , f l ©f ^SStil, MAMfil 
SOi-atftfctSStSCifctyiSL, * ft St AMfi-C^ftaiCfcfcoTSft J 

f5:i ^-^. »A*t»©rt«icatfttt»5fe«:ttft ei*. m * tf . m&frmm 

. SiJ&irL-C. ->8fflg£f A**^* KH£ftft®J£&m A L T «fc Vn„ * © fife <o « ft ft: 

ifc ft 2f L#S„ *ft*»**r^«a*L-C*»e>»5fe«<fr*t#A*f*H 

/5r g U: f£ £ t . * i , 12, I3 5u;ffit^»©l4©Sjt»i^'5:5ii©f3tfCi2 
U*fA»*H 9t>C#AL.TtiV\ *»*»S«»-ett. **#I2 lltLEDi»6|)tffl 

$ *L ft £fc It 2 5 «: » lR L , ^tt(C/S^LT&feft2 3^ftfflf5, 
[ 0 0 6 0 ] 

B5tt - *«?l©Sl©ff$LV^Jfif Ilc«5ISt©?l30!ift L^«i|S:*t. LE 
ftft£^tfi£ftftjf2 UVx/H 7±Jc^figufc.«SrSfelttf, ^5OT*ittt03<7)t(7> 
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[ 0 0 6 1 ] 

Sf-T'<Tl5:^ii^:<75ft&(7>{4:a:(CiSttUTt.«t< . Witf'>i^«»e.»ILtEtLtt, 
LEDi;ffiii^T*iji:v\ 

[ 0 0 6 2 ] 

2 ©#* Uv^JUK»«KJ:Jirf, * l , 12, as 3 & tfffi # » 1? 4 <d B 5fc 

K**t5. 7>'7 P 3 1(4, JU l , |g 2 , JB 3 X tf * J* £■ <D * 4 W * 3fc fl: d» 6 5 * ft 10 
*B!I3 SSryvr^^-S 3©ii ( # £ L < fi ft E ) IC * tf . * fc. , f JtyV/S 1 
ll7y7'P^3 7SO=ii3 9 Srttfroi^f* LV\ 7 >" / A - 3 3 l± , IS 3 9CEP 
DO £ tl*LW,EE\zfc & LX%i?\-%H&%Cliii- Z * X *«) £ HX^ L T 5 . 

[ 0 0 6 3 1 

**W©*3<o#*L^JIlfi»1IBK:J:4ifi, JB 1 . JS 2 » 91 3 R ffi */« # <o m 4 eo 3£ * 
^^Xrf-f ^rw-f Klt*treft*iW«trtKeiSft5. S . Sh i 
onoyaS.O«W. M. YenH, "Phosphor Handbook" (CRC 
Pres. 1987, 1999) 6 2 3 - 6 3 9 1 (^©EKrttliSffllC «t c t*S^Jl 
S © — SB £ -f ) CEtSixtv^llroi UACIttDC77Xvf ^T'l/'f^^ 

ft if . foe>^>57'7X-V7 ? w^7'U-^^g?:^^U#-5 0 I7tt t DCT'^X-^^wX 20 
lf)-oOt*J:K*Lfcfcf)ffc5. t/K4, miW^7XS4 2 v g2 
O # 7 * & 4 3 . lPi±roli4 4, 1»±©SS4 5, f K I2> f 3St;ftf^^ 
«l4(Of)t{*:^P ) *5f3t#:i4 6, y -V — P/4 7 & tf IC » # * 3£ F«3 4 8 tf . 

AC7"7Xvr-f ^/H-glttt, Ht#^^r B 14 8 i: O E.11C il AO <Z> ^ « ffc JI S 
<b,tiZ. iS4 5 t iS4 4 t ©p B 1C^ffl:H]i!iiit5 t . ^f»1 4 Sfto^tf^^SRScD 
n^'gn-m (VUV) SrJScfflL, f )t*S4 6 S:agLt&fe)6%S!fflS*5. 
[ 0 0 6 4 ] 
8 . to X75 fe 

#^O^Tt«:fi> Mtff i^4^7 5 7^*9ftS <ff*.tf. ■ £t tt ■ «) t?Sf 

ia Lt t ± ^, 30 
[ 0 0 6 5 ] 

«iS:5olSrtf¥^tt-7'i'y KXt±i^t5A\ i£ 1^ tt CD 2§ US ft ;g §g (#Jx.hf, # — 
A' 5 A- ) rtt-i«65C7'uy KXIlfi^Ltl *a-fr»S:WKi-5. IK *sHfc * H: , 
if A, * R *& , y V & *g , * » fl: *K > » !7»I. ««*&lf/XH:58Bfeitt3R*##fflt# 
ft ^ A> <b # <5 t <Z) T- *> J; . »*Ut'»*3fe«:Jit«-fl:**fcb-CH:, Mv 
(SrHP0 4 ) . mm^r (MnC0 3 ) , *ftai>Blf^A (Eu 2 0 3 

) fi.U s D>-^*^r>^='?A ( ( N H 4 ) HPO„) *& 3fc ^ *g P> 5 „ ( N H 4 ) H 
P O 4 & jfc li , $f*L<tt, £/£^£3gl<03£7fc#l^/U^9<fc^fi§&tt:02%i&3|IJ&-C- 40 

hn>-^^A(7) — gB3Z.I4^SBSr*/U->^A, ✓< y nSC/XU^/^vnT-tltS 
©^SSJXSS^, ;& ^ -> * A , y 1? A R tf ^ * •> ? A is »fls-g- m s- JD L -c «fc v 
. & , SM8fI^«lJ:8 3 0 0 - 8 0 Ot (»*L.<f±6 0 0*C) OSgfCcpT-iftl- 
5 B* HQ »0 Ml <5 . efc K: , #e>*Lfc»*SrS«^'U'^KL, *v^» 1 0 0 0 -l 2 5 0 t 
(8$L<ttl 0 0 0lC) <Oil7cl?ffi^:^T-^^L.-C, 8s f£ 1£ ft «: St X ttV - 9 & % S . 
» * L < (4 % ^ i!i £. tf 0 . l~l0%O***»e>te5*H«<0JPrt-efl[W#H«l»*»Sr 
4-1 <#*Ktt8«*m) «j* a: -e jf © *w t a o -c h d an 

[ 0 0 6 6 ] 50 
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»*U<tt. »2»ff*L^(Ba; Sr. C a ) 2 Si0 4 : E U 2 + f)fe*©St^ 

° LT ' ® £11111-5, mtnt^-mtt, £A,f£®{t®>. *&it® 

*. ***&tf/Xtt«»J***3tett:jjK»{L*»*&fc5 # * U ^ * * * 

Kfff^fetLtH. (BaC0 3 ) . £?S£*hav^*A (SrC0 3 ) 

, Km*****. (CaC0 3 ) , Kfa^at^ (Eu 2 0 3 ) RXfrJ®. (SiO 
2 *xH 2 0) » * L < ft , t«f)tf|:u^SH. 5 ~ 3 /u % fi <75 

* («*.**, * ^ * 3? ffi ^ ) f-e*»ft*iS^»t5-7«|||«j«Lt, »1<^^^^ 
[ 0 0 6 7 ] 

«d ft- l . r & -r 5 „ 

[ 0 0 6 8 ] 

« 3&tfjg 4 a>Ht*KKi£*fr®*t b T iff « g> iz A * *T flg T* $> 9 . © IE flt * in if * & 
ttMT?*^. BAMSVSECAfJfeftO^Stt, S. S h i o n o y a H « P 
hosphor Handbook" (CRC Press. 1987, 1999) 39 
8~ 3 9 9 IRCF4 16~4 19ICgf^ t ji^ -t gfigffl C i o t 

»B»©-ttSr*r. - « K , SfflBAMSjfeft^SS^feT-tt^ y * A ^fe^^ 

fcfc, £j 1 2 0 0 ~ 1 4 0 0 tOljE#i«tT:»ft ft56a ^ t , SriSLti 
tZ^ZZti^*° ^^«*#TfS^LS«SLTU^. BfflSECAf 
* aeni^iifflig^^^^^ £,1 0 0 0 - 1 2 

[ 0 0 6 9 ] 
[ 0 0 7 0 ] 

S3t^»*^u^ KtfiftjtBBiirtcEItS. * tf> IS 1 # £ 

[ 0 0 7 1 ] ° 

i**i^<E5iSiiffl^TLEDf^Xii.> sA , $ffi ^ 3 _ ht5i « 
Mf C«ff lfc«**teS*»fc LTUf^U^. ffH<tt. »**!!»* ( 
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[0 0 7 2 ] 

[ 0 0 7 3 ] 

-C b i: v*. 
[ 0 0 7 4 ] 
9 . ggiSffl) 

[ 0 0 7 5 ] 
1 

^^>"Ki:*K:«V^e,ixS»W*<Dfcr— ^553tft««cjCC-CKfl:S-B:fc. — 3 7 0 20 
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WHITE LIGHT EMITTING PHOSPHOR BLENDS 
FOR LED DEVICES 

BACKGROUND OF THE INVENTION 

This invention relates generally to a white light ulurrrinatiart system, 
and specifically to a ceramic phosphor blend for converting UV radiation 
emitted by a ught emitting diode ("LED") to white light. 

White Ught emitting LEDs are used as a backlight in liquid ays ml 
displays and as a replacement for small conventional lamps and fluorescent 
lamps. As discussed in chapter 10.4 of "The 31 ue Laser Diode' by S. 
Nakamura et ai. pages 216-221 (Springer 1997), incorporated herein by 
reference, white light LEOs are fabricated by forming a ceramic phosphor 
layer on the output surface of a blue light emitting semiconductor LED. 
Conventionally, the blue LED is an IrtGaN single quantum well LED and the 
phosphor ia a cerium doped yttrium aluminum garnet ("YAG:Ce~), 
YsAlsOixCe**. The blue light emitted by the LED excites the phosphor, 
causing it to emit yellow Ught. The blue Ught emitted by the LED is 
transmitted through the phosphor and is mixed with the yellow Ught emitted 
by the phosphor. The viewer perceives the mixture of blue and yellow light 
as white light. 

However the blue LED - YAC:Ce phoaphor white tight illumination 
system suffers from the following disadvantages. The prior art blue LED - 
YAG.Ce phosphor system produces white Ught with a high color tempera cure 
ranging from 6000K to 8C00FC, which is comparable to sunlight, and a typical 
color rendering Index (CRI) of about 70 to 75. In other words, the 
chromaticity or color coordinates of this system are located adjacent to the 
Black Body Locus ("BBL") between the color temperature* of 6000K and 
80O0K on the GE chromatin ty diagram illustrated in Figure L The color 
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temperature of this system con be reduced by increasing the phosphor 
thickness. However, the increased phosphor thickness decreases the system 
pffiVjpncy. 

While the blue LED - YaG.O? phosphor iuuminadon system with a 
relatively high color temperature and a relatively low CRJ is acceptable to 
customers in the fax east lighting markets, the customers in the North 
American markets generally prefer an illumination system with a lower color 
temperature, while the customers European markets generally prefer an 
Rumination system with a high CRI. For example, Korth American 
customers generally prefer systems with, color temperatures between 3C00K 
and 4100K, while European, customers generally prefer systems with a CRI 
above 90. 

The dtromaticity coordinates and the CIH crirocnatfdty diagram 
illustrated in Figure 1 are explained in detail in several text books, such as 
pages 98-107 of K. K. Butler, "Fluorescent Lamp Phosphors' (The 
Permsyivania State University Press 1980) and pages 109-110 of G. Btasse et 
al., "Lurninescent Materials- (Springer-Veriag 1994), both incorporated herein 
by reference. The chromaticity coordinates (Le.„ color points) that lie along 
the BBL obey Planck's equation: E(X)-AV* / (e<VT> - where B is the 
emission intensity, X. m the emission wavelength, T the color temperature of 
the black body and A and B are constants. Color coordinates that lie on or 
near the BBL. yield pleasing white light to a human observer. CRI Is a relative 
measurement of how the color rendition of in iUuminatio'n system compares 
to that of a black body radiator. The CRT equals 100 If the color coordinates of 
a set of test colors being Muminated by the uluxnmation system are the same 
as the coordinates of the same test colors being irradiated by the black body 
radiator. 
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Another disadvantage of the blue LED - YAG.Ce phosphor system is 
that the LED color output (e.g., s pectra l power distribution and peak emission 
wavelength) varies with the band gap width of the LED active layer and with 
the power applied to the LED. During production, a certain percentage of 
5 LEDs are manufactured with active layers whose actual band gap width is 
larger or smaller than the desired width. Thus, the color output of such LEDs 
deviates from the desired parameters. Furthermore, even if the band gap of a 
particular LED has the desired width, during LED operation die power 
applied to the LED fremxendy deviates from the desired value, This also 

10 causes the LED color output to deviate from the desired parameters. Since 
the light emitted by the system contains a blue component from the LED, if 
the color output of the LED deviates from the desired parameters, then the 
light output by the system deviates form the desired parameters as well. A 
significant deviation from the desired parameters may cause the color output 

15 of the system to appear non-white (Le, bluish or yellowish). 

Furthermore, the color output of the blue LED - YAG.Ce phosphor 
• system varies gready due to frequent unavoidable, routine deviations from 
desired parameters (Le., manufacturing systematic variations) during the 
production of the LED lamp because the color output of this system is very 

20 sensitive to the thickness of the phosphor. If the phosphor is too thin, then 
more than a desired amount of the blue light emitted by the LED will 
penetrate through the phosphor, and the combined LED - phosphor system 
light output wttt appear bluish, because it Is dominated by the output of the 
blue LED. In contrast, if the phosphor is too thick, then less than a desired 

25 amount of the blue LED light will penetrate through the thick YAGCe 
phosphor layer. The combined LED - phosphor system will then appear 
yellowish, because it is dominated by the yellow output of the YAG:Ce 
phosphor. 
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Therefore, the thickness or the phosphor is a critical variable affecting 
the color output of the prioT art system. Uruurtunately, it is difficult to 
control tha precise thickness of the phosphor during lar^e scale production of 
the btue LEO - YAG:Ce phosphor system. Variations in phosphor thickness 
often result in the system output being unsuitable for white light illumination 
Applications, causing the color output of the system to appear non-white (Le.. 
Huish cr yellowish), which leads to an unaceeptac+y low blue LED - YAG:Ce 
phosphor system rnanxuacturtng yield. 

The blue LED - YAC:Ce phosphor system also suffers from the halo 
effect due to the separation or blue and yellow tight- The LED emits blue light 
in a directional fashion. However, the phosphor emits yellow light 
Lso tropically (La, in all directions). Therefore, when the Ught output by the 
system is viewed straight on (La., directly »t the LED emission), the light 
appears bluish-white. In contrast when the light output is viewed at an 
angle, the light appears yellowish due to the predominance of the yellow 

phosphor emission. When the light output by such a system is directed Ohio ) 
a flat surface, it appears as a yellowish halo surrounding a bluish area. The 
present invention is directed to overcoming or at least reducing the problems 
set forth above 

20 BRIEF SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, there is 
provided a white light iQurnxnation system comprising a light emitting diode, 
a first luminescent material having a peak emission wavelength of about 575 
to about 620 nm, a second luminescent material having a peak emission 
23 wavelength of about 495 to about 550 run. which is different from the first 
luminescent material, and a third luminescent material having a peak 
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emission wavelength of about 420 to about 480 run. which is different from 
the first and second luminescent materials. 

In accordance with another aspect of the present invention, there is 
provided a white light emitting phosphor Wend comprising at [east three 
S phosphors, wherein , the white light emitted by the phosphor blend En 
response to Incident radiation having a peak wavelength between 360 and 420 
nm comprises a color temperature between 3000K and 650OK a CRI above 70 
and an efficacy above 200 lm/ W. 

In accordance with another aspect or. the present invention, there is 
1 0 provided a white light illumination system, comprising: 
a radiation source; 

a first AFOEu 3v .Mn-' phosphor, where A comprises at least one of Sr. 
Ca, Ba or Mg; 

a second phosphor selected from at least one of: 
15 a) an ASiOEu** phosphor, where A comprises at least one of Ba. 

Ca, Sr or Mg; 

b) an ADSiOiEu^ phosphor, where A comprises at least one of Ba, 
Ca or Sr and D comprises at (east one of Mg or Zn; or 

c) an AAIO.Eu 2 * phosphor, where A comprises at least one of Ba, 
20 . SrorCa:and 

a third phosphor selected from at least one oh 

d) an AMgAJO.Eu 2 * phosphor where A comprises at least one of 
Ba.CaorSr; 

e) a DPOCIcEu 2 * phosphor where D comprises at [east one of Sr, 
25 Ba, Ca or Mg; 

f) an HO*AJOHu J * phosphor, where E comprises at least one of Ba, 
SrorCaj 
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g) an EAiOEu> phosphor, where 5 comprises at least one of Ba, Sr 
orCa.or 

h) CAiCh£u> phosphor, where G comprises at least one of K. U. 
Na or Rb. 

In accordance with another aspect of the present invention, chere Is 
provided a method of making a white light anamination system, comprising 
blending a first phosphor powder having a peak emission wavelength of 
about 573 to about 620 run. a second phosphor powder having a peak 
•mission wavelength of about 495 to about 530 run. and a third phosphor 
powder having a peak emission wavelength of about 420 to about 480 nm to 
form a phosphor powder mixture, and placing the phosphor powder mixture 
into the white light Uluxrunarion system adjacent a light emitting diode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I is an illustration of a CLB chrocnabcity diagram- 
Figure 2 is schematic illustration of a white light fflumination system 

according to one embodiment of the present invention. 

Figures 3*5 are cross-sectional schematic views of iUuxnination systems 
using an LED according to the first preferred embodiment of the present 
invention. 



Figure 6 is a cross-sectional schematic view of an muminaoort system 
20 using a fluorescent tamp according to the second preferred embodiment of 
the present invention. 
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Figure 7 is a cross-sectional schematic *riew of an unimination system 
using a plasma display according to the third preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 



In view of the problems in the prior art, it is desirable to obtain a white 
light illumination system whose color output is less sensitive to variations 
during system operation and manufacturing process, such as due to 
variations in the LED power, the width of the LED active layer band gap and 
the thickness of the luminescent material. The present inventors have 
discovered that a color output of the radiation source - luminescent material 
system is less sensitive to these variations if the color output of the system 
does not include significant visible radiation emitted by the radiation source, 
such as an LED. In this case, the color output of the system does not vary 
significantly with the LED power, band gap width and the luminescent 
material thickness. The term luminescent material preferably comprises a 
phosphor in loose or packed powder rorrn. 

The color output of the system does not vary significant] y with the 
thickness of the luminescent material if the white light emitted by the system 
lacks any significant visible component emitted by the radiation source, such 
as the LED. Therefore, the amount of transmission of the LED radiation 
through the luminescent material, such as "a phosphor, does not affect the 
color output of the system. This can be achieved in at least two ways. 

One way to avoid affecting the color output of the system is by using a 
radiation. source that emits radiation in a wavelength that is not visible to the 
human eye. For example, an LED may be constructed to emit ultraviolet (UV) 
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radiation having a wavelength of 330 not or less that is not risible to the 
human eye. Furthermore, the human eye is not very sensitive to UV radiation 
having a wavelength between 380 and 4C0 nm and to violet light having a 
wavelength between 400 and 420 nm. Therefore, the radiation emitted by the 
LED having a wavelength of 420 nm or less would not substantially affect the 
color output of the LED - phosphor system, irrespective of whether the 
emitted LED radiation is transmitted through the phosphor or not. because 
radiation having a wavelength of about 420 nra or less is not significantly 
visible to a human eye. 

The second way to avoid affecting the color output of the system is by 
using a thick luminescent material which does not allow the radiation from 
the radiation source to pass through it For exampte, if the LED emits visible 
light between 420 and 650. nov then in order to ensure that the phosphor 
thickness does not affect the color output of the system, the phosphor shouW 
be thick enough to prevent any significant amount of visible light emitted by 
the LED from penetrating through the phosphor. However, while this way to 
avoid affecting the color output of the system is possible, it is not preferred 
because it towers the output efficiency of the system. 

tn both cases described above, the color of the visible light emitted by 
the system is solely dependent on the type of luminescent material used. 
Therefore, in order tor the LED - phosphor system to emit white light, the 
phosphor should emit white light when it is Irradiated by the LED radiation. 

Furthermore, by utilizing more than one phosphor the color properties 
of the white fight may be varied to meet the desired cotot parameters. For 
example, by selecting certain phosphors in a certain ratio, the color 
temperature and the CM of the white light or the efficacy of the system may 
be optimized. For example, phosphor ratios-may be selected to obtain a white 
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light Ulomination system with a color temperature of 3000K to 6500BC, a CRI 
of above 70 and an efficacy of above 300 lm/W. which is desirable in the 
North American markets. A color temperature of 4000 to 6500K is 
particularly desirable for a flashlight. Alternatively, other phosphor ratios 
5 may be selected to obtain a white light illumination system with a color 
temperature of 3000K to 4100K, a CRI of above 90 and an efficacy of above 200 
Jm/W, which is desirable in the European markets. 

The present inventors have discovered that a when a first orange 
emitting phosphor having a peak emission wavelength between about 573 

10 and 620 nm, a second blue-green emitting phosphor having a peak emission 
wavelength between about 495 to about 550 nm, and a third blue emitting 
phosphor having a peak emission wavelength oi about 420 to about 480 are 
used together, a human observer perceives their combined emission as white 
light. Furthermore, in order to increase the CKJ of the illumination system, a 

15 fourth red emitting phosphor having a peak emission wavelength of about 
620 nm to about 67Q nm may be optionally added. 

Figure 2 schematically illustrates the above principle. In Figure 2, a 
radiation source 1. such as an LED, emits radiation 2 incident on three 
luminescent materials layers 3, such as the above described first second and 

20 third phosphors. The radiation 2 may have a wavelength to which the human . 
eye is not sensitive, such as 420 nm and below. Alternatively, the phosphors 3 
may be too thick to allow significant radiation 2 to penetrate to the other side. 
After absorbing the incident radiation 2, the first phosphor emits orange light 
4 having a peak emission wavelength between 575 and 620 ran. the second 

23 phosphor emits blue-green light 5 having a peak emission wavelength 
between 495 and 550 nm, and the third phosphor emits blue tight 6 having a 
peak emission wavelength between 420 and 480. If present, the fourth 
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phosphor emits red light 7 having a peak amission wavelength between 620 
rtm and 670 run. The human, observer 8 perceives the combination of the 
orange 4. blue-green 5, blue 6 and optionally red 7 H^ht as white light 9. 
Figure 2 schematically illustrates that different color light 4. 5, 6, 7 emanates 
from discrete phosphor areas to illustrate the concept of color mixing. 
However, it should be understood that light 4, 5, 6 and 7 may be emitted from 
the same area and/or from rhe entire phosphor if the individual phosphors 
/ire blended together to form a single blended phosphor layer 3. 

Any luminescent materials, such as phosphors and scintillators may be 
used in combination with a radiation source Co form the white light 
Uluroination system. Preferably, the luminescent materials have a high 
quantum efficiency at a particular emission wavelength of the radiation 
source. Furthermore, each luminescent material is preferably transparent to 
the visible light wavelengths emitted by the other lurninescent material. 



The radiation scarce 1 may comprise any radiation source capable of 
causing an emission from the phosphors. Preferably, the radiation source 1 
comprises an LSD. However, the radiation source 1 may also comprise a gas, 
such as mercury m a fluorescent lamp or high pressure mercury vapor lamp, 
20 or a noble gas, such as Ne. Ar and/ or Xe in a plasma display. 

For example, the radiation source 1 may comprise any LED which 
causes the phosphors 3 to emit radiation 9 which appears white to die human 
observer 8 when the radiation 2 emitted by the LEO is directed onto the 
phosphors. Thus, the LED may comprise a semiconductor diode based on 
25 any suitable HJ-V. HAT or IV-1V semiconductor layers and having an emission 
wavelength of 360 to 420 am. For example, the LED may contain at least one 
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semiconductor layer based on GaN. ZnSe or SiC semiconductors. The LED 
may also contain one or more quantum wells in the active region, if desired 
Preferably, the LED active region may comprise a p-n junction co mpri sing 
GaN. AlGaN and/or InGaN semiconductor layers. The p-n junction may be 
separated by a thin undoped thGaN layer or by one or more InGaN quantum 
wells. The LED may have an emission wavelength between 360 and 420 run, 
preferably between 370 and 405 nm, most preferably between 370 and 390 run. 
However, an LED with an emission wavelength above 420 nm may be used 
with a thick phosphor, whose thickness prevents the light emitted from the 
LED from penetrating through the phosphor. For example the LED may have 
the following wavelengths: 370, 375, 380, 390 or 405 nm. 

The radiation source 1 o( the white light illumination system has been 
described above as a semiconductor light emitting diode. However, the 
radiation source of the present invention is not Limited to a semiconductor 
light emitting diode. For example, the radiation source may comprise a Laser 
diode or an organic light emitting diode (OLED). The preferred white light 
illumination system described above contains a single radiation source 1. 
However, if desired, plural radiation sources may be used in the system in 
order to improve the emitted white light or to combine the emitted white 
light with a light of a different colons). For example, the white light emitting 
system may be used In combination with red, green and/ or blue light 
emitting diodes in a display device. 

2. T?\e First Phosphor 

The first luminescent material may be any phosphor, which in 
response to the Incident radiation 2 from the radiation source 1, emits visible 
light having a peak emission wavelength of about 575 to about 620 run. If the 
radiation source 1 comprises an LED having a peak emission wavelength 
-11* 
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between 360 and 420 nm, then the first phosphor may comprise any 
cornmerctaJly available phosphor having ihe peak emission wavelength 
between 575 and 620 nm and a high relatively afficacy and quantum efficiency 
for incident radiation having a peak wavelength between 360 and 420 tutu 

Pteferably, the first phosphor comprises APO:Bu*-,Mn*\ where A 
comprises at least one of Sr, Ca. Ba or Mg. Most preferably, die first 
phosphor comprises a europium and manganese doped alkaline earth 
pyrophosphate phosphor. AsPjOrEu^Mn*-. The phosphor may be written 
as (At^Eu*Mrv)2 Pj Or, where 0<xs0iand0<ys0.1 Preferably, A 
comprises strontium ions. This phosphor is preferred for an I Tm radiation 
source because it has a high efficacy and high quantum efficiency for incident 
radiation having a peak wavelength between 360 and 420 nm. such as that 
emitted by an LED. Alternatively, the first phosphor may comprise 
AaPjO«:Eu**,Mr***. where A comprises at least one of Sr, Ca, Ba or Mg. 

15 m the Eu*- and Mr**- doped alkaline earth pyrophosphate phosphor, 

the Ea ions generally act as sensitizers and Mh ions generally act as activators. 
Thus, the Eu ions absorb the incident energy (Le.. photons) emitted by the 
radiation source and transfer the absorbed energy to the Mn ions. The Mn 
kms are promoted to an excited state by the absorbed transferred energy and 

20 emir a broad radiation band having a peak wavelength that varies from about 
575 to 595 nm when the A tons comprise Sr ions. Alternatively, A may 
comprise 30 molar percent Sr ions and 50 molar percent Mg tons, such that 
the APOtEu^.Mn*- phosphor comprises V SrMgPsO.Hu**, Mn*- phosphor 
whkh has a peak wavelength of about 615 nm. 

25 3. Th* Second Fftosphoc 



(37) 



JP 2004-501 51 2 A 2004. 1.15 



wo o » mvo i vcrfVsnm**** 



The second, luminescent material may be any phosphor, which in 
response to the incident radiation 2 from the radiation source 1, emits visible 
light having a peak emission wavelength of about 495 ran to about 350 ran. If 
the radiation source I comprises an LED having a peak emission wavelength 
5 between 360 and 420 tun, then the second phosphor may comprise any 
commercially available phosphor having the peak emission wavelength 
between 495 and 550 ran and a high relatively efficacy and quantum efficiency 
for incident radiation having a peak wavelength between. 360 and 420 nm. 
For example, the following three cu 2 * - activated alkaline earth silicate and 
10 alkaline earth alumina t« phosphors Ht this criteria. 

One such phosphor is a divalent europium activated alkaline earth 
silicate phosphor. ASiOBu 1 *, where A comprises at least one of Ba, Ca, Sr or 
Mg. Preferably, . the ASiO-Eu 2 * phosphor has the following composition: 
AiSiO«:Eu 2 *. where A preferably comprises at least 60% 3a, 30% or less Sr and 
15 10% or less Ca. If A comprises 3a or Ca. then the phosphor peak emission 
wavelength is about 505 nm. If A comprises Sr, then the phosphor peak 
emits ton wavelength is about 580 nm. Therefore, A most preferably 
comprises 3a ions or 8a ions with some Ca and/ or Sr tons to obtain a desired 
peak wavelength. 

20 In the alkaline earth silicate phosphor, the europium activator 

substitutes on the alkaline earth lattice site, such that the phosphor may be 
written as: ((BajSr,Ca)i-«Eu»)35iO<. where 0 < x s 02 The alkaline earth 
silicate phosphor may also contain Other impurities and dopants. For 
example, the phosphor may contain a small amount of fluorine incorporated 

25 during powder processing from a fluorine containing flux compound, such 
as Baft or EuFj. 
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Another divalent europium activated alkaline earth silicate phosphor. 
ADSOrEu^ where A comprises at least one of Ba, Ca or Sc and D comprise 
at least one of Mg and Zn, is suitable as the second phosphor. Preferably, the 
ADSiOiEu**" phosphor has the following composition: A^DSbCVtfu*. The 
peak emission wavelength and the relative quantum -fficiency of each 
isomorphous phosphor is illustrated in Table I below; 

Table I 
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or Sr ions In order to obtain the desired peak wavelength. 

10 tn the alkaline earth silicate phosphor, the europium activator 

substitutes on the alkaline earth lattice site, soch that the- phosphor may be 
written as: (AwEu,)*DSfcOr. where 0 < * £ 0.2. The alkaline earth silicate 
phosphor may also contain other impurities and dopants! For example, the 
phosphor may contain a small amount of fluorine incorporated during 

IS powder processing from a fluorine containing flux compound, such as Baft or 
EuFj. 

A divalent europium activated alkaline earth aluminate phosphor, 
AAIO:Eu> where A comprises at least one of Ba, Sr or Ca is also suitable for 
use as the second phosphor. Preferably, the AAiOrEu* phospho, has the 
20 Allowing composition: AAkOcEu> where A comprises at least 50% Sr. 
preferably at least 80% Sr and 20* or lesa B*_ If A comprises Ba, then the 
phosphor peak emission wavelength is about 505 nm. Ef A comprises Sr, then 
-14- 
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the phosphor peak emission uravelength is about 520 run. If A comprises Co, 
then, the phosphor peak emission wavelength is about •WO rim. Therefore, A 
most preferably comprises Sr or Sr and Ba ions in order to obtain the desired 
peak wavelength. 

5 In the alkaline earth alum mate phosphor, the europium activator 

substitutes on the alkaline earth lattice site, such that the phosphor may be 
written as: (AwEu,)AIiO<, where 0 < x £ 0.2. The alkaline earth atuminate 
phosphor may also contain other impurities and dopants, such as fluorine 
incorporated from a flux. 

10 The europium activated alkaline earth silicate phosphors are described 

in detail in G. Blasse et aL, "Fluonscena of Ea** Activated Silicates' 23 Philips 
Res. Repts. 189-200 (1968), incorporated herein by reference. The europium 
activated alkaline earth alumina tes phosphors are described in detail in G. 
Masse et a I., " Fluorescence of £u-* Activated Atiadine-Earth AluminatesT 23 

15 Philips Res. Repts. 201-206 (1968), incorporated herein by reference. These 
references also illustrate the emission and excitation spectra of the above 
described phosphors. 

Tn one aspect of the present invention, the second phosphor may 
comprise a plurality of the silicate and aJuminate phosphors in order to 

20 optimize the color or other emission properties, if desired. For example, the 
second phosphor may comprise the following corabmabons: ASiO-Eu 3 * and 
ADSiO.Eu**. ASfMua- and AAiOrEt***, ADSOEtP* and AAiChEa^. 
ASChEu-' and ADSrO.Eu^ and AAlCfcEu 2 *. The above mentioned phosphors 
may be placed into the same ffliinunation system as overlying layers or as a 

25 blend. 

4. The Third r^phor, 

-15- 



(40) 



PC-r/usiityi.v.'M 



The third (iiminescent material may be any phosphor, which in 
response to the incident radiation 2 from the radiation source t, emits visible 
light having a peak emission wavelength of about 420 nm to about 480 im It 
the radiation source 1 comprises an LED having a peak emission wavelength 
between 360 and 420 nm. then the third phosphor may comprise any 
commercially available phosphor having the peak emission wavelength 
between 420 and 480 nm and a high efficacy and quantum efficiency for 
incident radiation having a peak wavelength between 360 and 420 run. Foe 
example, the following two commercially available Eu** activated phosphors 
fit this criteria. 

One example ot" a third phosphor having a peak emission wavelength 
between 420 and 480 nm is the divalent euro p rum activated balophosphate 
phosphor, DPOCl:Eu l % where D comprises at least one of Sr. Ba. Ca or Mg. 
The DFOCkEtt** phosphor preferably comprises the commercially available 
"SECA" phosphor. Dj(Fa«)jCl:Eu* A small amount of phosphate may be 
replaced by a small amount of borate to Increase the emission intensity. The 
peak emission wavelength of this phosphor varies with the ratio of strontium 
to other alkaline earth ions. When D comprises only 5r ions, the peak 
emission wavelength is 447 nm. Substitution of the Sr ions with Ba ions cause 
the peak emission to shift to a lower wavelength, while substitution of the Sr 
ions with Ca ions cause the peak emission to shift to a higher wavelength. For 
example, if the 0.5 moles out of the 5 moles of Sr ions are substituted with OS 
moles of Ca ions, then the peak ernission shifts to 452 nm. IS X mole of Sr ions 
are substituted with 0.5 moles of Ca ions and 03 moles of Ba ions, then the 
peak emission shifts to 443 ran. Therefore, the preferred SECA phosphor 
composition is (Sn^, Bay Ca, )s-.Eu, (FCuJoCl, where 0.01 £ xs 0.2. 0 i y ^ 
0.1 and 0 £ 2 £ 0.1 and the preferred peak emission wavelength is 447-450 nm. 
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Another example of a third phosphor having a peak emission 
wavelength between 420 and 480 run is the divalent europium, activated 
alkaline earth metal alumina te phosphor, AMgAJO.Eu 2 *, where A comprises 
at least one or Ba, Ca or Sr. The preferred alumina te phosphor may have 
5 various magnesium, aiuminum and oxygen molar ratios and is commercially 
available under the name "3AM." For example, one preferred BAM 
phosphor may be written as AMgiAJtoOtnEu 2 ", where A preferably comprises 
at least 90% Ba ions. This phosphor has the following formula.- (Bav 
«Eu.)Nfflp;Aiu027, where 0 < x £ 0.2, preferably x-0.D7. Alternatively. BAM 
10 has the following molar ratios: BaMgAhaOir Eu 1 *. The BAM phosphor has 
an emission peak at about 450 am due to the Hi* 2 * activator on the A lattice 
she. The emission peak shifts from 450 run to a higher wavelength as the 
amount of barium ions substituted with strontium ions increases. 

Other examples of a third phosphor having a peak emission 
15 wavelength between 420 and 480 run comprise divalent europium activated 
alurrunate phosphors selected from an EC^AJOiu 1 * phosphor, an EAlOrEu*- 
phosphor and/ or a GAlOrEu- 2 * phosphor, where E comprises at least one of 
Ba, Sr or Ca ions and G comprises art least one of K, Li. Na or Rb ions. 
Preferably. E comprises Ba ions substituted with 0-10% of Sr or Ca ions and G 
20 comprises K substituted with 0-10% of La, Ma or Rb ions. Preferably, the 
EO*AlChEa** phosphor comprises x(B < iO)*6A1 = C^Eii>' or zfBaj- 
■Eu„)0*6Al20j, where llz^U and (XxSOZ The BMOiEo 2 - phosphor 
preferably comprises BaAluOi^Eu-* or (Bai-«Eu*)AI«O w where (XxsOi 
The GAlOuiu** phosphor preferably comprises KAiuOn.or.Eu** or fKi- 
25 ,Eu,)AhiOu4j7, where 0<xS 0JZ. The EO*AlO. EAJO and GAIO phosphors are 
described in the following references, each inco r porated herein by reference 
in their entirety: A.L.M. Stevels and A.D.M. Schxama-de P»uw, Journal of the 
Electrochernical Sociary, 123 (1976) 691; J.M.PJ. Verstegen, Journal of the 
-17. 
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Becttochemkat Society, 12 (1974) 1623; And CS. Sonda and B.M.L Smets. 
Journal of the Electrochemical Society, 136 (1989) 570. 

En one aspect of ±e present invention, the third phosphor may 
comprise a blend of SECA, B AM and/or one or more dlirmmate phosphors in 
5 order to optimize the color or other emission properties, if desired. 

5 The Optio nal Fourth Phosphor 

The optional fourth luminescent material may be any phosphor, which 
in response to the incident radiation 2 from the radiation source 1. emits 
visible light having a peak emission wavelength of about 620 nm to about 670 
10 nm. This red emitting phosphor may be added to the first second and third 
phosphors to improve the CRI of the white light emitted by the combination 
of phosphors. Since the CRI is a measure of how the test colors appear under 
iUumination from the phosphor compared bo under fflimuwadon from a black 
body, the white light emitted from phosphor will better apprcodmate the 
15 white light from a Wack body If the phosphor emission comprises additional 
individual colors, If the radiation source 1 comprises an LED having a peak 
emission wavelength between 360 and 420 run, then the second phosphor 
may comprise any corranerciaily available phosphor having the peak 
emission waveJength between 620 and 670 nm and a high efficacy and 
20 quantum efficiency for incident radiation having a peak wavelength between 
360 and 420 nm. For example, the Mn«* activated fluorogermanate phosphor 
fits this c 



For example, the aaorogenn*nafce phosphor may comprise a 
magnesium auorogermanate phosphor. MgO"MgF*GeO Mn*% preferably the 
commercially available 3JMg0^5MgF,*GeOrMn** phosphor. This 
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phosphor emits a structured red luminescence band having six peaks at room 
temperature between 623 and 664 nra. 

6. The Phosphor Blend 

According to one preferred aspect of the present invention, the first 
5 second, third and optionally fourth phosphors are interspersed. Most 
prefexaWy, the phosphors are blended together to form a uniform blend. The 
amount of each phosphor in the blend depends on the type of phosphor and 
the type of radiation, source used. However, (he first, second,, third and 
optionally fourth phosphors should be blended such that the combination of 
10 the emission 9 from the phosphors appears white to a human observer 8. 

Alternatively, the first second, third and optionally fourth phosphors 
may comprise discrete layers formed over the radiation source 1. However, 
the upper phosphor layers should be substantially transparent to the 
radiation emitted by the lower phosphors. 

»5 The composition of the phosphor powder blend may be optimised 

based on the number of phosphors used, the desired blend CRI and efficacy, 
the composition of the phosphors and the peak emission wavelength of the 
radiation source 1. For example, in order to decrease the color temperature 
of the phosphor blend for a constant excitation radiation wavelength, the ratio. 

20 of blue to orange emitting phosphors may be d ec reased. In order to increase 
the CRI of the phosphor blend, a fourth phosphor, such as a red emitting 
phosphor, may be added to the blend. 

The phosphor blend of a first preferred aspect of the present invention 
preferably contains at least three phosphors, wherein the white Ught emitted 
25 by the phosphor blend in response to incident or excitation radiation having a 
peak wavelength between 360 and 420 run comprises a color temperature 
•19- 
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between 300OK and 6500K, a CRI above 70 and an efficacy of above 200 
Im/W " Moce P«*erably, the blend efficacy is above 264 WW and the color 
temperature is between 3300K and 410QK. Most preferably the efficacy is 
above 340 tm/W. 

The preferred first, second and third phosphors or the first preferred 
aspect of the invention comprise strontium pyrophosphate, alkali earth 
silicate and SECA, respectively. The composition of the blend of the first 
preferred aspect comprises about 55 to about 75 weight percent 
SaP<VJJu--,Mn> phosphor, about 11 to about 22 weight percent 
(Ba.Sr,Ca)aSt04;Eu> phosphor and about 13 to about 22 weight percent 
{ScS^Ca^fgJjfPOOsCLKu** phosphor. 

The high CRI phosphor blend according to a second preferred aspect of 
the present mvention preferably contains at least four phosphors, wherein the 
white tight emitted by the phosphor blend in response to incident radiation 
having a peak wavelength between 360 and 420 run comprises a color 
temperature between 30C0K and 4100K, a CRI above 90 and an efficacy above 
200 trn/VV. More preferably, the blend efficacy is above 264 lm/W and the 
color temperature is between 3300K and 3800JC 

The preferred first, second, third and fourth phosphors of the second 
preferred aspect of the invention comprise strontium pyrophosphate, alkali 
earth silicate, SECA, and magnesrum fluorogermanate, respectively. The 
composition of the blend of the second preferred aspect comprises about 11 to 
about 43 weight percent SciPzOrEu^.Mn^ phosphor, about 9 to about 15 
weight percent (Ba^Ca^CVEu^ phosphor, about 6 to about 14 weight 
percent (Sr / Ba,Ca,Mg)s(PO^) s CLEu^ phosphor, and about 30 to about 71 
wright percent 35MgO*03MgP z *GeOsMrr<- phosphor. 
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However, other phosphors having the desired peak emission 
wavelengths may be used instead of or in addition to the phosphors described 
above For example for radiation sources other than LEDs, phosphors that 
have a high efficacy and high quantum efficiency for incident radiation 
5 having a peak wavelength of 254 nm and 147 am. may be used for fluorescent 
lamp and plasma display applications, respectively. The mercury gas 
emission in a fluorescent lamp has a peak emission wavelength of 254 nm and 
Xe plasma discharge in a plasma display has a peak emission wavelength or 
147 run. 

LO 7. The Illumination System 

According to the first p ie fcncd embodiment of the present invention, 
the first, second, third and optionally fourth phosphor powders are placed 
into a white light illumination system containing an LED radiation source. 
The white light illumination system may have various different structures. 

15 The first preferred structure is schematically illustrated in Figure 3. The 

illumination system includes a tight emitting diode chip 11 and leads 13 
eJectrically attached to the LED chip. The leads 13 may comprise thin wires 
supported by a thicker lead frarne<s) 15 or the leads may comprise self 
supported electrodes and the read frame may be omitted. The leads 13 

20 provide current to the LED chip 11 and thus cause the LED chip 11 to emit 
radiation. 

The LED chip 11 is encapsulated ^thin a shell 17 which 
encloses the LED chip and an encapsulant material 19. Preferably, the 
encapsulant comprises a UV resistant epoxy. The shell 17 may be, for 
25 example, glass or plastic. The encapsulant material may be, for example, an 



-21- 



(46) 



JP 2004-501512 A 2004. I. 15 



5 



20 



epoxy or a polymer material, such as silicons However, a separate shell 17 
may be omitted and the outer surface of the encapsufant material 19 may 
comprise the shell 17. The LED chip 11 may be supported, for example, by the 
lead frame 15. by the self supporting electrodes, the bottom of the shell 17 or 
by a pedestal mounted to the shell or to the lead rrame. 

The first preferred structure of the Ulummabon system includes 
a phosphor layer 21 comprising the first, second, third and optionally fourth, . 
phosphors. The phosphor fayer 21 may be formed over or directly on the 
light emittmg surface of the LED chip 11 by coating and drying a suspension 
containing the firs* second, third and optionally fourth phosphor powders 
over the LSD chip IX. After drying, the phosphor powders forma solid 
phosphor layer or coating 21. Both the shell 17 and the encapsoiant 19 .houid 
be transparent to allow white light 23 to be transmitted through those 
elements. The phosphor emits white light 23 which comprises the orange, 
blue-green, blue and optionally red light emitted by the first second, third 
and optionally fourth phosphors, respectively. 

Figure 4 Illustrates a second preferred structure of the system 
according to the first preferred embodiment of me present invention- The 
structure of Figure 4 is the same as that of Figure 3, except that the phosphor 
powders are interspersed within the encapsuiant material 1 9, instead of being 
formed over the LED chip 11. The first phosphor powders may be 
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interspersed within a single region of the eftcapsulant material 19 or 
throughout the en are volume of the encapsuiant material. The phosphor 
powders are interspersed within the encapsoJant material, for example, by 
adding the powders to a polymer precursor, and then curing the polymer. 
5 precursor to solidify me polymer material AirernanVely, the phosphor 
powders may be mixed in with the epoKy encapsulant. Other phosphor 
inters pennon methods may also be used. The phosphor powders may be 
p remixed prior to adding a mix of these powders to the encapsulant material 
19 or the phosphor powders may be added to the encapsulartt material 19 
10 separately. Alternatively, a solid phosphor Layer 21 comprising the first, 
second, third and optionally fourth phosphors may be inserted into the 
encapsulant maberial 19 if desired. En this structure, the phosphor layer 21 
absorbs the radiation 25 emitted by the LED and in response, emits white 
light 23. 

15 Figure 5 illustrates a third pr e fe r r ed structure of the system 

according to the first preferred embodiment of the present invention. The 

structure of Figure 5 is the same as that of Figure 3, except that the phosphor 

layer 21 containing the first second, third and optionally fourth phosphors is 

formed on the shefl 17, instead of being formed over the LED chip 11. The 
20 phosphor layer 21 is preferably formed on the inside surface of the shed 17, 

although the phosphor layer 21 may be formed on the outside surface of the 

-23- 



(48) 



JP 2004-501512 A 2004. 1. 15 



shell, if desired. The phosphor layer 21 may be coated on the entire 
the shell or only a top portion of the surface of the shell 17. 

Of course, the embodiments of Figures 3-5 may be combined and the 
phosphor may be located in any two or all three locations or in any other 
5 suitable location, such as separately from the shell or integrated into the LEO. 

According to the second preferred embodiment of the present 
invention, the first, second, third and optionally fourth powders are placed 
into a white light iUuirunadon system containing a Buorescent tamp radiation 
source. A portion of a fluorescent lamp is schematically illustrated in Figure 

10 6-. The lamp 31 contain, a phosphor coating 35 comprising tha first sacortd, 
third and optionally fourth phosphors on a surface of the lamp cover 33. 
preferably the inner surface. The fluorescent lamp 31 also preferably contains 
a lamp base 37 and a cathode 39. The lamp cover 33 enclose* a gas, such as 
mercury, which emits UV radiation in response to a voltage applied to the 

15 cathode 39. 

According to the third preferred embodiment of the present Invention, 
the first second, third and optionally fourth phosphor powders are placed 
into a white light iEumination system ccouaming a plasma display device. 
Any plasma display device, such as an AC or a DC plasma display panel may 

20 be used, such, as the devices described on pages 623-639 of the Phosphor 
Handbook, Edited by a Shionoya and W.M. Yen. CRC Press, (1987, 1999), 
incorporated herein by reference. Figure 7 schematically Illustrates one cell of 
a DC plasma display device 41. The cell contains a first glass plate 42, a 
second glass plate 43, at least one cathode 44. at least one anode 45. a 

25 phosphor layer 46 comprising the first, second, third and optionally fourth 
phosphors, barrier ribs 47 and a noble gas space 48. In an AC plasma display 
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device, an extra dielectric layer is added between the cathode and the gas 
space 48. An application of a voltage between the anode 45 and the cathode 
44 causes ±e nobis gas in space 48 to emit short wavelength vacuum 
ultraviolet radiation (VUV), which excirps the phosphor layer 46 causing it so 
5 emit white light 

3. The Processing- Method 

The individual phosphors may be made, cor example, by any 
ceramic powder method, such as a wet chemical method or a solid state 
method. 

10 Preferably, the method of making the first phosphor comprising 

europium and manganese doped strontium pyrophosphate phosphor 
comprises the following steps. First the starting compounds of the first 
phosphor material are manually blended or mixed In a crucible or 
mechanically blended or mixed in another suitable container, such as a ball 

15 mill, to form a starting powder mixture. The starting compounds may 

comprise any oxide, phosphate, hydroxide, oxalate, carbonate and/or nitrate 
starting phosphor compound. The preferred starting phosphor compounds 
comprise strontium hydrogen phosphate, SrHPO*. manganese carbonate 
MnCQi. europium oxide, EuiQj. and ammonium hydrogen phosphate 

20 (NH4HPO4 powders. The (NH^HFCU powder is preferably added in an 
amount comprising 2% in excess of the stoichiometric ratio per mole of the 
Sist phosphor produced. A small excess of the Sr compound may also be 
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added if desired. Gucium, barium and magnesium starting compounds may 
also be added if it is desired to substitute some or all of the strontium with 
calcium, barium, and/ or magnesium. The sorting powder mixture is then 
heated in air at about 300 to SCO °C for about lo hours, preferably at6C0°C 
S The resulting powder is then re-blended and subsequently fired in a reducing 
atmosphere at about 1000 to 1250 *C, preferably 1000 °C, to form a calcined 
phosphor body or cake. Preferably the starting powder mixture is calcined in 
a furnace in an atmosphere comprising nitrogen and 0.1 to 30% hydrogen for 
four to ten hours, preferably eight hours, and subsequently cooled in the same 
10 atmosphere by turning off the furnace. 

Preferably, the method of making the second preferred 
(Ba F 5r,Ca)iSiOcEu 2 *' phosphor comprises the following steps. First, the 
starring compounds of the phosphor are manually blended or mixed in » 
crucible or mechanically blended or mixed in another suitable container, such 

15 as a ball mill, to form a starting powder mixture. The starting compounds 
may comprise any oxide, hydroxide, oxalate, carbonate and/or nitrate 
starting phosphor compound. The preferred starting phosphor compounds 
comprise barium carbonate BaCOs, strontium carbonate SrCCb, calcium 
carbonate CaCOs, europium oxide, EuaQa, and tUlcie acid, SiCVxHrO. 

20 Preferably, a flux, such as CaFi is added to the starting materials in an amount 
of 0-5 to 3 mole percent per mole of the phosphor produced. The starting 
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powder mix hire is then fired a first time tn a carbon containing atmosphere, 
such as in a charcoal containing atmosphere at 1200 to 1400 °C for 5 to 7 hours 
to form a first calcined phosphor body or cake. The resultant cake is then 
ground and milled to a powder. This powder is then annealed or fired a 
5 second time in a reducing atmosphere at about 900 to 1200 °C to form a 

second calcined phosphor body or cake. Preferably the powder is annealed in 
a furnace in an atmosphere comprising nitrogen and 0.1 to 10% hydrogen tor 
two to six hours. 

The solid calcined phosphor bodies may be converted to a first 
10 phosphor powder In order id easily coat the phosphor powder on a portion of 
the white Ughr Illumination jystem. The solid phosphor body may be 
converted to the first phosphor powder by any crushing, milling or 
pulverizing method, such as wet milling, dry milling, jet milling or crushing. 
Preferably, the solid body is wet milled in propanol, methanol and/or water, 
1 5 and subsequendy dried. 

The third and fourth phosphors are commercially available as 
phosphor powders and thus, their exact method of manufacture is not 
significant. The 1 synthesis of BAM and SECA phosphors is described on 
pages 398-399 and 416-419 of S. Shionoya et ai. Photpkor HamOodc CRC Press 

20 (1987, 1999), incorporated herein by reference. In general, a method of making 
a commercial 3 AM phosphor involves blending starting materials comprising 
barium carbonate, magnesium carbonate, alumina or aluminum hydroxide, 
europium oxide and optionally a Sux, such as aluminum fluoride or barium 
chloride. The starting powder mixture is then fired in a re ducin g atmosphere 

25 at about 1200 to 1400 °C to form a calcined phosphor body or cake. The cake 
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may be ctground and retired under Che same conditions. A method or 
making a commercial SECA phosphor involves blending starting materials 
comprising strontium carbonate, strontium orthophosphate, strontium 
chloride and europium oxide. The starting powder mixture is then fired in a 
J reducing atmosphere 4t about 200O to 12C0 < to form a calcined phosphor 
body or cake. The cake is then ground into a phosphor powder. 

The 6rst second, third and optionally fourth phosphor powders are 
then blended or mixed together to form a phosphor powder blend or mixture. ' 
The powders may be manually blended in a crucible or mechanically Wended 
10 in another suitable container, such as a ball milL Of course, the phosphor 
powder blend may contain more than four powders, if desired. Alternatively, 
the bodies may be pulverized ind Wended togecher. 

The phosphor powder Wend is then placed into the white light 
Ulumination system. For example, the phosphor powder Wend may be placed 
15 over ch« LED chip, interspersed into the encapsulant material or coated onto 
the surface of the shell, as described above with respect to the first preferred 
embodiment of the present invention. 

If the phosphor powder blend is coated onto the LED chip or the shciL 
then preferably, a suspension of the phosphor powder blend and a liquid is 

20 used to coat the LED chip or the shell surface. The suspension may also 
optionally contain a binder in a solvent Preferably, the binder comprises an 
organic material, such as nitrocellulose or ethylceflulose, in a solvent such as 
butyi acetate or xylol. The binder erthancea the adhesion of the powder 
particles to each other and bo the LED or the ahelL However, the binder may 

25 beomitted to simplify processing, if desired. After coating, the suspension is 
dried and may be heated to evaporate the binder. The phosphor powder 
Wend acts a* the phosphor layer 21 after dry ing the solvent 
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If the phosphor Mend is to be interspersed within the encapsulant 
material 19, then, the phosphor Wend may be added to a polymer precursor, 
and then the polymer precursor may be cured to solidify the polymer 
material Alternatively, the phosphor blend may be mixed in with the epoxy 
5 encapsulant. Other phosphor :ruer3persion methods may also be used. 

If die phosphor blend is placed into a fluorescent lamp or a plasma 
display, then a suspension of the phosphor powder blend and a liquid is used 
to coat the lamp or plasma display mberior surface. The suspension may also 
optionally contain a bender in a solvent as described above. 

10 9. Specific Examples 

The following examples are merely illustrative; and should not be 
construed to be any sort of limitation on the scope ot the claimed invention. 

Example 1 

Three blends of three phosphors were prepared by the above 
15 mentioned process. The blend composition was varied based on the peak 
emission wavelength of the radiation source to be used with the Wend. In 
general, for LED radiation sources having a peak emission ox excitation 
wavelength between 370 and 405 nm, the amount of the first orange emitting 
phosphor in the blend increased while the amount of the second blue-green 
20 and third blue emitting phosphors decreased with increasing excitation 

wavelength. The excitation wavelength, the blend composition, the CTE color 
coordinates (ccx andecy), the color temperature, the CRI and the efficacy of 
the blend are summarized in Table 11 below. 

-29- 
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Table n 



excita 

TIONX 


PHOSPHOR 
BLEND 
fWT%> 


coc 


ccy 


Color 
T(K) 


CIU 


Efficacy 
(lm/W) 


380 aim 


SrP (S7.5) 
BASl(21.5) 
SECA C2I.0> 


.4011 


.3807 


3507 


70.5 


3464 


390 mm 


SrP (61.4) 
3ASI fl9.4) 
SECA (19.2) 


.3995 


3830 


3563 


70.7 


3473 


405 mm 


ScP (73.7) 
BAS1 (121) 

SECA a4^> 


3899 


3791 


3767 


723 


349.6 



tn the above table, the following abbreviations were used: 3 AS! - 
(Baw^naCaaiEuaos^tOcSSCA - (Sr.Ba.Ca)s<P04)3Cl:Eu^:SrP =» 
5 SnPrOrEu^Mn*' . Efficacy is defined as the product of the system luminosity 
times 683 lm/W, where 633 lm/W is the peak luminosity at 355 ran. System 
luminosity is defined as ( I F(X) Y(X) dX) / ( / F(X) dX). where F(X) is the 
emission ipectrum and Y(X) Is the eye sensitivity curve. As illustrated in 
Table II, the color temperature of the blends varied from 3507 to 3767 fC the 
10 CRI varied from 703 to 723 and the efficacy varied from. 346.4 to 349.6 lm/W. 
These high efficacy blends are preferred for the white light illuxrunation 
systems sold in the North American lighting market. 

Example 2 

Three blends of four phosphors were prepared by the above 
15 mentioned process. The blend composition was varied based on the peak 
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emission wavelength of the radiation source to be used with the blend. In 
general for LED radiation sources having a peak emission or excitation 
wavef ength between 370 and 405 run. the amount of the first, second and 
third phosphors in the blend increased while che amount oc the fourth 
5 phosphor decreased, with increasing excitation wavelength. The excitation 
wavelength, the blend composition, the CIE color coordinates (ccx and ccy), 
the color temperature, the CR1 and the efficacy of the blend axe summarized 
in Table BL below. 



Table HI 



EXCTTA 
TTON k 


PHOSPHOR 
BLENT? 
(WT%) 


ccx 


ccy 


Color 
T(K) 


CIU 


Efficacy 
(Im/W) 


380 mm 


SrP(12J) 

BASCO n -0) 
SECA (7.4) 
MrF (69.9) 


.4017 


3835 


3519 


93 


2S5 


390 mm 


ScP(T76) 
BASt(U.8) 
SECA (9.0) 
M*F (61.6) 


.4065 


3793 


3374 


93.5 


272.2 


405 mm 


SrP (4L5) 
BASl (14.2) 
SECA (12.8) 
MrF (313) 


3967 


3743 


3557 


913 


264.7 



10 

In the above table, the following abbreviations were used: BASI - 
(Ba 0 w«STttiCaajEuoj»)aSi04; SECA - (Sj-^,Ca)s<F04)jCl:Eu 1 *: SrP - 
SraPzOrrEu^Mn.^ and MgF « 3.5MgO*0-5MgFj"GeOx:Mn**- As illustrated in 
Table in, the color temperature of the blends varied from 3374 to 3S37 PC the 
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CHI varied from 9X3 to 93.5 and the erricacy varied from 264.7 x> 235 fcn/W. 
From Table ID, it is apparent that the addition of the fourth red emitting 
phosphor results in a significant CRI increase. These high CRT blends are 
preferred for the white light Uluminadon systems sold in the European 
5 lighting market 

The preferred embodiments have been set forth herein for the purpose 
of illustration. However, this description should not be deemed to be a 
limitation on the scope of the invention. Accordingly, various modifications, 
adaptations, and alternatives may occur to one skilled in the art without 
0 departing from the spirit and scope of the daimed inventive concept. 



) 
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WHAT IS CLAIMED IS: 

I . A blue- green illumination system, comprising: 
a light emitting diode (11): and 

at least one hinuncsceot material (21) having at least two peak emission 
5 wavelengths, wherein the emission CIE color coordinates of the at least two peak 
emission wavelengths are located within an area of a pentagon on & CTE 



chromaitcjty diagram, whose comers have the following CTE color coordinates: 
e) X=»0.0137 and y =0.4831: 
b) x =0.2240 and y-0.3890; 



3. The system of claim 2. wherein ihe light emitriog diode (11) peak emission 
wavelength b between 360 and 420 am; and 

20 

4. The system of claim 3. wherein the light emitting diode (1 1) contains an 
InGaN active layer having a peak emission wavelength between 370 and 405 am. 

5. The system of claim 4, wherein the hitrnaescent material (21) emission CTE 
23 color coordinates are x =0.1 ±0.03 and y =0.52 ± 0.Q5. 

6. The system of claim I. wherein the emission CTE cotor coordinates of the at 
least one luminescent material are located wkhin an area of a quadrilateral on a CIE 
chromariciry diagram, whose corners have the following CIE color coordinates: 

30 a) x =0.000 and y =0.506: 



10 



c) 
4) 
h) 



x m 0.2800 and y =0.4500; 
x= 0.2879 and y= 0.5 1 96; and 
x-0 01O8 and y= 0.7220. 



15 



emitted by 
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b) x =0.224 a nd y «0. 3S9; 
c> x=»0.230 aod y— 0.450: and 
d) <-0.000 and y«0.730. 

5 7. The system of claim 1 . wherein the emission CUE color coordinates of tte at 
least one luminescent material are located within an area of ■ quadrilateral on 2 CTE 
chromaiicity diagram, whose comers have the following CIE color coordinates: 
o) x=0-0l37 andy~0.4S3l; 
0 x=*0.2094 and y-0.39S3; 
10 g> x -0.2879 and y -0.5 196; and 

h) X =-0.0108 and y =0.7220. 

8. The system of claim 1 , whereim 

the ax least ooe luminescent materia* (21) comprises a single 
15 AMjAlOrEu 1 * .Mn** phosphor, and 

A comprises at tease one of Ba. Ca or Sr. 



20 



9. The system of claim 8. wherein: 

the AMgAlOtEir * ,Mn'* phosphor comprises an AM&AI,.O w :Ea J *.Mrr* 
phosphor; and 

A comprises at least 90% Ba. 



10. The system of claim 9. wherein: 

the AMfcAluCVEu 1 *. Ma 1 * phosphor comprises a Ba^Eu^fg,. 
^MryM^Oo phosphor. 

0 < x £ 0.2; and 

0.05SySOJ 



li. The system of claim 1 . wherein; 
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che at least one luminescent material (2!) comprises a single phosphor 
selected from: 

i) an EO*AlO:Eu J *.Ma '* phosphor, where E comprises at least one of 
Ba. Sr or Ca: 

5 u) ao EAlO:£u 1 \Mn l ~ phosphor, where £ comprises at teas* one of Ba. 

Sr or Ct; or 

iii) a CAlO:Hu 2 *,Mn 1 * phosphor, where G comprises at least one of K, 
U. Na or Rb. 

10 12. The system of claim 1 1, wherein: 

che EO*A]0:Eu : '.Mn : " phosphor comprises xBaO-^AlA : Eu ; v . Mir 1 ' ; 
che EAlOtEu^Mn 1 * phosphor comprises (Bai^Eu^JAlu^Mc^O^j,; 
the GAlOrEa 1 *.^* phosphor comprises 0£ t .JSuJM,,.^ia P Oiu»«.*- 

15 13. The system of claim I. wherem: 

che at feast one luminescent material C21) comprises a first phosphor having 
a first peak emission wavelength "below 503 tun and a second phosphor having a 
second peak emission wavelength above 505 ora. 

20 14. The system of claim [3. wherein tlx first peak emission wavelength is in a 
range from 440 to 455 am and the second peak emission wavelength is m a range 
from 510 to 525 am. 

13. The system of claim 14, wherein the first phosphor comprises at least one of: 

a) an AMgAlO.Eu 1 * phosphor where A comprises at least ooe of Ba. Ca 

or Sr; 

b) a DPOCIiEu 1 * phosphor where D comprises at least one of Sr. Ba. 
Ca or Mg; 

c) an EO"A10:Eu** phosphor, where B comprises at least one of Ba, Sr 

or Ca; 
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d) an EAJOrEu 2 * phosphor, where £ comprises ax lata ooo of Bo. Sr or 

Ca: or 

c> i GAJOiEu 1 * phosphor, where G comprises at least one of K_ Li, Na 

orRb. 

16. The system of claim 15. wherein the second phosphor comprises ai least ou 
of: 

f) an AMgAiOiEu 1 " .Mrr" phosphor where A comprises at least one of 
9a, Ca or Sr; 

S> »a EO "MO:Bi 2¥ Mn 1 * phosphor, where £ comprises at leavt one of 
Ba. Sr or Ca; 

h) an EAiprEu** .Ma 2 * phosphor, where E comprises *£ least one of Ba, 
Sr or Ca; or 

i) a CAlOrEu'- JAn'* phosphor, where C comprises at least one of K. 
15 Li. Near Rb. 

17. The system or claim 15. wherein: 

the AMgAJOtEtr 1 * phosphor comprises AMg l A} u O Ty :Eu , * > , where A 
comprises at least 90% Ba; 
20 me DFOCfcEir 1 * phosphor comprises (S^CaAteXCPO^CfcEu 1 *; 

the AMgAlO-.Eu^Mn** phosphor comprises AMfcAJ.^iEu^Mr/*. 
where A comprises it lea* 90% Ba; 

che EO'AlCfcEu 1 * phosphor comprises tBaO*fiAl 1 0,:Eu Xk ; 

tho EAiO:Eu** phosphor comprises (Ba, JEuOAJ tl O„; and 
25 me GAlOrEo*" 1 * phosphor comprises (K t ..E*OAl„O tlJ „; 

the EO^AJOtEu**^- phosphor comprises xBaO«6AI l Cs;Eir t *.Mn t *; 

me EAlOiEu^.MV* phosphor comprises (Ba,.^u>\j l>T Mo,O tw? ; and 

*e GAiO:Eu^.W phosphor comprises (K Vl EuJAl, l . r M tv 0 4 . 

30 18. The system of claim 17. wherein: 
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the AMgjAI| # 077 : Eir* phosphor comprises CBa,..EujMs 1 Al, t Q : ,. where 0 
<t5 0.2: \- 

the (Sr,Ba.Ca;Ma) J (POi),C):Eu 1 *: phosphor comprises (Sr.^.. 3a, Ca, ) s . t Bu t 
(PO^Cl. where 0.01 £ 0.2. OSyS 0.1 andO 5rS 0.1. 
5 tt» AMgj/uVVEV* phosphor comprises (Ba,..£X}Mg frT Mn 1 Al, 4 O n . where 

0 < x S 0.2 and 0 < y 5 0.5: 

the xflaO^fiALOvGu 1 * phosphor comprises B^ T> Eu a ^Ma ajI> AJ, <> ,0, 7 . 2 . 
the (Ba^JEnJAl^MTiyO,,^ phosphor coinpriscs 
CBa*«Eu„. 1 4)AI {{ . - Mo t<- 0 I ,„; and 
10 (he Od^EuJAln^MJvOjj cMj, phosphor comprises 

(K> «Hu, , JA1 w V^xP^fT- 

19. The system of claim 18, wherein: 

the first phosphor comprises (Ba t _,Eu0Mg t Al, A O w .. wbetc 0 < x S 0.2; and 
15 the second phosphor compriscj (Bi^EuJMgj^MiyAJ^O^, where 0<iS 

0.2 and 0 < y £ 0.5. 

20. The system of claim 19. wherein the ai least one luminescent material (21) 
comprise* me first phosphor and the seuond phosphor in a weight ratio of about 

20 30: 70 to about 8:92. 

21 The system of claim 20. wherein the weight ratio of the first phosphor to the 
second phosphor is- about 18:82. 

25 22. The system of claim 21. wherein: 

the Grst phosphor and the second phosphor are interspersed: or 

the first phosphor and the second phosphor comprise discrete overlying 

layers. 
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23. The system of claim 13, wherein at least oae of (he firs l phosphor or the 
stxood phosphor comprises a blend of at feast two phosphors. 

Z4. The system of claim I, farther comprising: 
5 a shell (IT) coitraining the light emitting diode (11): 

an encapsulating material (19) between che shell (17) and the light emitting 
diode (II); wherein at least one luminescent material comprises at least one 
phosphor, tod 

a) toe phosphor Is coaxed over a surface of the light emitting diode (1 i); 
10 h) ihe phosphor is inter s persed in ihe encapsulating material (19); or 

e) cfce phosphor Is coated onto the shell (17). 

25. The system of claim 24. farther comprising: • 

a traffic lignai housing (43) containing rhe blue-green illumination system 
15 (51); and 

a traffic light tens (45) in Croat of the Wue-greeo ilhimmation system (51). 

26. The system of claim 1 . wherein radiation emitted from a Eu 1 * acdrator 
cesulu io a lint peak emission wavelength and radiation emitted from a Mn lfc 

20 activator results in a second peak emission wavelength. 

27. A traffic signal (41) comprising: 
a housing (43); 

at least oae leas (45); 

25 a radiation source (1) having a peak emission wavelength of 420 nm and 

below; and 

« least ooe luminescent material (3) having ax least two peak emission 
wavelengths, wherein the emission CLE color coonttnaies of the ac least two peak 
emission wavelengths are located within an area of a OMuadrilareral on a CJE 
30 caroujarjoty diagram, whose corners have che following CIE color coonlrnatea: 
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a) x -0.000 and y~ 0.506; ' 

b) x =0.224 md y=0.3S9; 

c) x =0.280 and y«0.450: and 

d) x=»0.000andy=0.730. 

5 

23. The traffic signal of claim 27. wherein the radiation source (]) comprises a 
light emitting diode (LI). 

29. The traffic signal of claim 28. where id the emission CXE color coordinates of 
10 che at least two peak emission wavelengths are x =*0. 1 ± 0.05 and y=*0.52 i 0.05. 

30. The traffic signal of claim 29. wherein ifcc at least ooc luminescent roafcriai 
(I) comprises a blend of a (Ba..,EuJMgjAl M Q t , phosphor, where 0 < xSC.2, and 
a (Ba,^£uJMg 1 . f Mn r AJ )i O,. phosphor, where 0<x£0.2and0<yS 0.5 ma 

15 weight rado of about 30:70 to about 3:92. 

31 . The traffic signal of claim 30. wherein the weight ratio is about 18:82. 

32. A method of making a blue-green. light illumination system, comprising: 
20 bleeding a first phosphoc powder having a first peak emission wavelength 

and a second phosphor powder having a second peak emission wavelength to form a 
phosphor powder mixture having emission CLE color coordinates located within an 
area or" a pentagon on a CLE' chroma deity diagram, whose corners have the 
following CEE color coordinates: 
25 e) x-0.0l37andy-0.483l; 

b) s =0.2240 and y =0.3 890; 

c) x -0.2800 and y=0. 4500; 

2) x =0.2879 and y =0.5196: and 
b) x =0.0108 and y-0.7220; and 
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placing the phosphor powder mixture (3. 21) into ice iUuminaiioa system " 
adjacent a radiation source (1). 

33. The aiethod of claim 32. wherein the radiation source (1) comprises a light 
emitting diode (U). 

34.. The method of claim 33, wherein: 

the light emitting diode (1 1) pea* emission wavelength is between 370 and 
405 am: aod 

the phosphor powder mixture (21) emission CTE color coordinates are x=0. 1 
± 0.05 and y=»0.32 ± 0.05. 

35. The method of claim 34. wherein the step of Wending comprises blending ■ 
first phosphor powder selected from at least one of: 

a) a AMgAIO'.Eu 2 * phosphor where A comprises at least one of Ba. Ca 
or Sr; or 

h) a DPOCl:Eir * phosphor where D comprises at least one of Sr. Ba, 

Ca or Mg; and 

a second phosphor powder selected from at least one of: 

cj a AMeAKfcEu^.Mri 2 * phosphor where A coorprises at least one of 

Ba, Ca or Sr; 

d) tn EaO*AJO:Eu** ,Mn 3 * phosphor, where E comprises at least one 
of Ba. Sr or Ca; 

e) an SAJOlEiT* JVtn 1 * phosphor, where E comprises at least one of Ba. 
Sr or Ca; or 

0 a OA^O:Eu , ♦>fn , * phosphor, where G comprises at least one of K. 
U. Na or Rh. 

36. The method of claim 35. wherein the step of blending the first phosphor 
powder and the second phosphor powder comprises blending (Ba t . 
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^u t )M5^lu0 3 . where 0 < x £0.2. and (Ba,.«£a v )Mg luv Mn r AI u O TT . where 0 < x 
£ 0.2 and 0 < y 3 0.5 in a weight ratio of about 30:70 to about 8:92. 

37. The method of claim 36, wherein the weight ratio is about 13: 32. 

38. The method of cJairn 33. farther compelling: 

placing the light emitting diode (1 1) into a shell (17): and 
filling the shell (17) with ao encapsulating material (19). 

39. The method of claim 38. further comprising: 

a) coating a suspension of the phosphor powder mixture and a solvent 
over a surface of the light emitting diode (11) and drying (he suspension; 

b) interspersing the phosphor powder mixture (21) in the encapsulating 
material (19); or 

c) coating a suspension of phosphor powder mixxure and a solvent onto 
the shea (IT) and drying the suspension. 

40. The method of claim 32. wherein the emission CIS color coordinates of the 
phosphor powder mixture (21) are located within an area of a quadrilateral on a CEE 
chromaueity diagram, whose corners have the following C1E color coordinates: 

a) x -0.000 and y =0.506; 

b) x -0-224 and y =0,389; 

c) x. «0 .280 and y =0.450; and 

d) x—0.000 and y -0.730. 

41. The method of claim 40. further comprising placing (be UUuminahoa system 
(51) into a traffic signal housing (43). 
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42. The method claim 32. whereto, tne emissioa CIE color coordinates of the 
ptospboc powder mixture ire located wttfiin in area of 4 quadnlaienil on ^ CIE 
cbromaitcity dLagnm. wboso corners lave ihc fbUowiog CIB color coordinates: 

c> x=0.0137 and y= 0.4X3 1 ; 

0 x =0.2094 znd y~0.3953; 

S> x -0.2S79 and y=O.J196; and 

h) x =0.0108 and y =0.7220. 

43. The method of claim 42. farther comprising placing the iihnninarion system 
moo an automotive display. 
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